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— of the Street Tine, which forms 


‘one cide of the Union Elevated Loop Railway, he gave » the following 
dist of essentials of elevated railroad construction 4, - 


First. Loais. —The loads to be considered are these: 


| “Thrust of braked trains, or traction load. | 


zi D. Wind load, or in ‘reality a an assumed transverse load to provide © 


F. Longitudinal girders should have sufficient sectional areas, and 


ie G. A proper system of bracing between « contiguous longitudinal 


# ‘There should be s a proper connection of longitudinal girders: to 


There should be adequate means: of transmitting the thrust of 


braked trains from longitudinal girders to columns without overstrain- — 


The cross-girders be properly designed in respect to both 


K. There should be 8 proper connection of « cross- girders t to columns , 


provide for transmission of both longitudinal and transverse hori- 


sections of the columns should be properly designed to 


ient t strength to resist ; direct load, aenling® from m longitudinal 


the foot of each column 
/ a make the latter, as far as strength and rigidity are concerned, abso- bso- 


ie.’ There should be an adequate ‘wooden | floor, ¢ effectively a attached 


to the metalwork of the superstructure. 
construction of the entire structure should be 


cticable in respect to both quan quantities s of materials an and - 
fet in erection, due respect being paid to the more ry yng re- a 


ments affecting and 
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P. ~The sesthetics of the design should be considered as much 


possible without involving extravagant expenditure therefor. Sa al 


list of requirements will be referred to later on in commenting 
upon the details of existing American elevated railroads. 


_ ' The immediate prosecution of the Lake Street Elevated work was . 


fortunate circumstance, as far as the investigations for the North- 


’ western Elevated were concerned, for it gave the author at an h opportunity mee 


to make certain experiments and researches which he might other- 
wise , not have had, notably in the lines of bearing capacity of Chicago th 3 
soil, details of structure occupying streets, and cold-pressed threads’ 


er In these investigations the author has received valuable  entieb 


‘dd ance from Ol Charles V. Weston, Esq., who holds the position of of Chief 


4 Engineer on ‘the Northwestern "Elevated, the Union Loop, and ‘the 
Lake Street Elevated and from M. Rowe, ™. Am. 


on; meanwhile the investigations for the Elevated 


“ill be taken u up in their consecutive order. 
Befor Before proceeding with a these, however, ‘it will be well to a 


short description of the road. It starts as a double- track "structure 2 
a 


from the Wabash Avenue Extension of the Lake Street Elevated atthe _ ey 
"corner of Fifth Avenue and Lake Street, rune north across the Wells 
Street Bridge t to Michigan Street; thence west to Franklin ‘Street; 


_ thence north to Chicago Avenue, where it expands into a four-track xt 
structure (leaving the street and ‘running into private Property) 


whence it continues ina northerly and westerly | direction to a point 


on Wilson Avenue between Evanston Avenue and the Chicago, Mil- a 


é and St. Paul Railway tracks, making the total length of 
~ ie? little more than | 64 miles, of which all but 1 ‘mile is four-track 


the outset” it was necessary to determine whether it is more “4 
: economical to use unreamed dd soft steel at slow intensity « of ‘working — 

stress, or reamed medium um steel at a higher intensity. This question 

was “quickly settled in fever of the medium steel, which 
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tically the same per pound at the rolling mills. The ratio o of weighte 
Ni - of structure for designs in medium steel a nd soft steel is about as 93 — 


is to 100, saving of 7% 3 in weight of metal in favor of the medium 


ates ~ Assuming the price of metal erected to be: 3 cents per pound 7 


"makes the saving in pound price 0.' 21 21 cent, while the cost of sub-_ 


and reaming varies from 0. 1 to 0.2 cent t per pound, a 
‘ing to the facilities of the bridge shop for doing such work. At present ia 
ie perhaps there is a a slight difference in the the pound prices er erected | of of < 
_ oft and medium § sted! i in favor of the former, enough possibly to offset a 


the by: reduced weight of the that, as s far the 


several year: years the author has favored the soto and reaming of 
alll metal (although he has not always insisted 1 thereon), not so much 


for the sake of the somewhat disputed benefit derived from removal 


metal by reaming, as for the greater certainty of obtaining 
matched rivet holes. late investigations in this 
= made by examining the shop work of the various bridge manufactur- 


_ ing companies of this country, both personally and through his assist 


engineers and inspectors, ¢ confirm him such in this 
"opinion that he is now prepared to o make the following statement and ; 


ra _ to invite both ¢ iticism and denial th ereof. 
ae criticism and den ial 


structural metalwork, whether it be medium steel, soft steel, 


or even wrought i iron, should be ‘punched « at least 4 in. . less | than the 
te diameter of the cold rivetand reamed to a diameter +}; in, greater than than — 


2 same; and there i is no bridge shop in existence which can turn out truly ] 
class work without sub- punching and reaming or drilling. 


to match by a as much as in., , and the : euther has or 


a Le seen j-in. rivet holes elongated to 1} ins., merely to admit the rivets. — 


‘Where se several component pieces containing badly matched vives holes 
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‘There is another po t of erected metal, viz., the prop 
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the hole sufficiently to admit the | in the 
— 


and out, it will, on account of its 
materially i injure the metal about the hole and thus weaken the struct- tea ; 


ure, erhaps doing | more damage thereto than would the leaving i in o 
Pp P 


_ The use of a tapered, flexibly connected reamer is all humbug, and a at 
* not true r reaming at all, ‘but merely a means of making it Practi- 


4 Real: reaming can only be done with rigid reamers or drills that ~ 

_ ‘main at all times at right angles to the e surface re reamed, and cut a Cy $F. 
salt 


lindrical instead of a tapered hole. pai ‘Such reamers as these are 


only ot ones that “ought be employed ot on -first- class. 
excepting, of course, in confined ‘Spaces they cannot be used, 

and where the fexibly connected of necessity be em- 


author knows well that these opinions ‘are at variance 


q those of a majority of the : manufacturers of steel, and it is 


n this account that he presents them so forcibly. 
ma many manufacturers ¢ are opposed to sub- -punching and ream-— 
ing was shown very clearly at the lettings of the contracts for the > 
Wabash Avenue Extension of "the Lake Street Elevated, and for 
Northwestern Elevated, one manufacturer going so far as to 
4 difference of one-third of 1 cent ] per pound between reamed and un- 
At these lettings evidence was also given confirming a ciate 
ment of the author, viz.: : “Tt has. been hitherto the “general opinion — 
that ‘almost any kind a structure in Tespect to design, quality of 
material and workmanship will suffice for an elevated railroad.” One 
manufacturer remarked to the author in criticism of the plans 
‘4 specifications submitted to bidders : “Why, your requirements 
4 gard to details an and workmanship are as rigid as if you were about to by 
build a railroad | bridge.” The reply t to this was, “ ‘Yes. I consider 
this structure to be just as 5 important as any railroad bridge ever - built.” ‘igh Gs 


And why should it not be just a as important? Are not the live loads . 
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load very nearly reached many times per day? Ont 
nore important to make an elevated railroad absolutely 
not even more important to make 
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oar? perfect i in every detail of pitied and construction than it is to so make — 


The § is means atone in opinion that all the 


“have to be replaced , and mainly on faulty detailing. 


At this the a author wi wishes t to ocall attention a very 


| ‘sible practice, which these lettings exemplified quite 
attempting to overthrow the engineer's plans and specifications sub- 


mitted for tendering. In the: of the Wabash Avenue Extension 


= a letting a a most determined but unsuccessful effort was ‘made to alter — 


the a euthor’s ‘plans, so when the specifications for the Northwestern _ 
Elevated were drawn, the following inserted with 


permission of the president of the « company: a 


ae « All work herein outlined is to be done in strict ‘accordance — 
. the following specifications, the accompanying plans, and such instruc- 7 
_ tions as may be given from time to time by the company’s engineers. 
Bidders are hereby warned that they will be held strictly to the — 
k f these specifications, and that it will be bad policy for any one to bid — 
with the expectation that concessions will be made after the contract is 
_ closed, in order that the work may be cheapened ; for while the com-— 
_ pany’s engineers desire at all times to aid the contractors in every _ 
legitimate manner to do their work expeditiously and economically, 
at the same time they have given these plans and ‘specifications a 


\ ai: most thorough consideration, and know exactly what they need in 
- respect to both design and quality of materials and workmanship. On 


this account bidders are respectfully requested not to complicate ‘heir = 


plans or specifications; because such alternative bids will - - 


‘The result of the insertion of thle clause was rather amusing, for 


tenders by putting in alternative bids based on proposed changes in 


ttempts were made to overthrow not only the } plans, but the specifica- 
tions also. However, but | little difficulty was encountered by the engi- y. 


" neers in throwi ing out all alternative bids; and the contract was let to 


who were willing to tender without ‘Suggesting changes i in the 
Plans and specifications submitted to the bidders. 
; _— Another ¢ question that came up ai at these lettings v was that of using — 


acid or basic open- -hearth steel. "Preference was given to t to the he former — 


J 
the specifications, but such was submitted to the engi- 
“ie ‘Reers as to cony convince them that the basic product « can be made as satis- 
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and at a trifle less cost ; 


‘hd and that it may prove advisable in future specifications for hel! ae 


medium steel to sednee th the arene © ultimate stress limits from 64 000 
Ibs. to 61 000 Ibs. per square inch. 


It appears to to the author that the general adoption of basic Open- — K 


hearth steel i is fast tending to the. employment c of soft steel for bridges, 
As far as s short and medium spans are concerned, this i is s all right, bat Be 


the: dead load is | is ‘the ‘ruling factor in in proportioning the 
 _—— in the near future some ome alloy of steel, such as nickel steel, can 
be made cheaply enough to to warrant its use for long span bridges. 


‘ial II—Weicats anp Dowensions oF Moror Cars AND AND TRAILERS. 


After due deliberation it was decided to make both the motor cars 

the trailers out, and to carry try each ear on four 


aa a2 £4 228 


= 

AND THE Brst PROPORTIONS FOR CONCRETE “Mave ‘WITH 


> 4 
investigation was Samuel a. Rowe, M. Am, Boe. 


= 
All cement used in the work shall be of 
very | best quality obtainable, equal in every p particular to the best 
4 brands of American manufacture. It shall be ground so fine that at 
least ninety-seven (97) per cent. in weight will pass a standard sieve 
A of five thousand (5 000) meshes to the square inch, and so that at least 
ninety (90) per © cent. . will pass a standard sieve of ten thousand (10 om) 
_ “When moulded neat into briquettes and exposed three (3) hours, 
or until set, in air and the remainder of twenty- four (24) hours in water, 


 _ 
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— 
v4 adopted. ice then, LOWever, the reports Of tile COMpany iispectors 
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thee weight Of loaded motor car being 60 000 lbs., and that of 
Joaded trailer 40 000 Ibs. The distribution of this live loadisshown 
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dey in air, and six 6) days in water, it shall develop a 
2 strength of from two hundred and fifty (250) to five hundred (500) — 
twenty-seven (27) days in water, it shall develop a tensile strength of | 
from four hundred (400) to six hundred (600) pounds per square inch. - 
“Tt shall be an eminently slow-setting cement, must develop its — 
pert gradually, and must show no drop therein. When moulded 7 
into pats with thin edges, and either left on glass” or not to set -: 
water, said edges must show no signs of checking. 2 
“Briquettes mixed in proportion (by weight) of one (1) pe 
f cement to three (3) parts sand, and kept one day in air and the re- © 
© maining time in water, shall show a tensile strength of from one © 
hundred (100) to one hundred and f fifty (150) pounds per square } inch © 
after” seven (7) days, and from one hundred and fifty (150) | to two 
hundred and fifty (250) pounds pe square inch after twenty-eight (28) fo 


“In any case the cement —_— must be first approved by es 


‘The ‘proportions “Aalborg which were the 
brands ‘adopted for the “Northwestern Elevated Railroad pedestals, 


in making concrete, are: 


One part by by volume of iv ar 
‘Three parts by volume of sand. 


Bog Six parts by volume of graded broken stone. me ing pik 


Unless the stone be of several graded dimensions, sO as reduce 


cra rr the proportion of voids to a minimum, its proportion in the concrete | 
oe should | be reduced to five; for while these brands of cement will | stand 

a three tc to- “one dose « of sand, the resulting mortar will net fill com-— 


pletely all the. voids in 1 the » stone at one, three and six, , unless the 
‘grading of stone be done ont unless 


would r recommend the following proportions: ae 

Five parts" by v volume of | broken ston stone. 


ie kh case, however, the concrete be deposited ur under water 0} or in 
Places where special strength and ‘solidity are required, the pro: propor- 


ould be changed to one, two and four. 


a pounds per square inch; and after exposure of one (1) day in air, and ie 


shall develop a tensile strength of from one hundred (100) to two 
y (250) pounds per squareinch. 
— 
| 
— 
— 
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discussion his results as far as most go. Its was decided to use for the 
Avenue |! Extension ‘Eureks paint, and the National Paint ‘Com- 
pany’s No. for the Northwestern Elevated. In another structure, if 


the author 


metal a good coat of boiled linseed oil at the mills before i it is is exposed 


a. to the weather, « one priming coat of Eureka paint ‘at the shape while 


cide paint ‘erection. 


OF F. O. B. Cars Cucaco. 


This investigation was meade in order to determine what kina of 


timber to to adopt ) specify all all heart ora 
3 certain postion a sap, , the result being # that i itw was decided _ to use the ; 


a best quality o of long-le: leaf southern yellow ] pine entirely free from 


This question of timber will be further treated i in Section 1 12. 12. ne a4 


“This: question was investigated very exhaustively, considering every 


of expense, including not only cost of metal in place, but also 
« that of concrete, excavation, back- k-filling and the pus 
sibility of expense for the n moving g of water | pipes. and other condui 
“The investigation showed that for plate- girder ‘construction ¢ through 


private property the ‘economic span Tength is about 40 ft., , while for i 
construction in the street it varies from 47 to 50 ft., 

‘more in case of cross- girders spanning wide streets trons carb | to¢ curb. 
a The theory of true economy in elevated railroad designing, as far + 
asl length of bays is concerned, is simply | this: ‘ “The cost of the longi- er 
tudinal girders should be, as ‘nearly as may be, equal to the cost of 


x 


the bents and their supporting pedestals, in case of doubt adopting 


—Fovr- Comm versus Two-CoLUMN STRUCTURES. 


Detailed estimates of cost show that as 


far as economy is s concerned a 


— 
a anp Cueapest Kinp or Merat Parnt To Apopr. 
Mr. Rowe conducted this investigation alsogbui unfortunately was 
if 
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total cost of the four-column bent will exceed that of the 
two-co one for a four-track structure depends upon the various 
"schedule prices for metal, ‘conerete, excavation, paving, ete., as as well 
as upon the character of the soil. 
the cost of these two ty ypes ¢ of structure, and as the four- column — 
decidedly the more rigid of the two, it was wherever 


ticable. ‘Fig. 2 gives a general elevation in 


work, Cantilevering an entire train load | bey 


a tw o-column bent is not conducive to 1 to but is 


_ method that will bring the cost as low as that of the four-column bent. t. 8 


ate property and crosses 


> 


moreover, this arrangement is very economical. 


“For the Northwestern Elevated, upon which is to run 


-trnins at a speed of 40 miles p per er hour on the inner tracks between the r 


— inter- track stations, which are situated about a mile apart, the consid- 


i eration of the aon rigidity afforded by y the braced towers is quite im- 


— 


portant. It was therefore decided to use both longitudinal and 


transverse sway bracing forming braced towers spaced about 150 ft. 


he iim 
| Ag | ¥ Be | = ~ — 
| 
— . 


details of the longitudinal sway tensing for ft. - Span. 
only o 


= 


01 on all bents on practicable. Fig. 3 gives the 


©9000000000 


= 
% x 26" 


er line between Bents 


Cent 


g 


LONG, SWAY ‘ 


q 


tangents by braced towers instead of solitary wie 


was found | to be about 1 140 Ibs., si or ‘nearly 9 9% of the total weight, 


— 
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After thorough ‘investigation it was ‘decided | to adopt, as the best 


conomical section, an 80-Ib. rail, 5 ins. high, , with vertical - 


sides, and and containing 45% of its metal in the head. 


‘ 


ae It of the 


girders spaced 5 ft. centers, the of 6x x 8-in. ties laid flat 


— 14 ins. centers; 6 x 6-in. inner guards and 6 x 8-in. outer 
guards on edge, all guards being fastened by soft steel bolts with 
threads, connections to the metalwork being made by 


of hook- bolts. Fig. 4 illustrates the track system. 


OF Dara or ‘Kt IN ELEVATED 
RatLROADS. 


“es The re results of this investigation, made by the author and his assist- : 


i ants by examining the principal elevated roads of the East and those — 


then i in operation | in 1 Chicago, as far as the designing of the metalwork — 


amount simply to the ac accumulation of a great mass of 


4 


st d road in ve been 7 


information would have proved more valuable. 


useful information, however, was obtained such ‘mat-— 
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TREATED versus Unrneare> ‘Tomer FOR ‘Tracks AND > 


= report to the company on this subject : ‘may be of interest. 
Unfortunately, the only vulcanizing works in this country 
located in New York City; consequently, the freight 1 rates on vulcanized 
_ timber delivered at Chicago are high, the average price for such tim ; 

_ ber as we need being about $32 per thousand delivered at site, while > 
the untreated timber would cost only $18 per thousand. It daira Cost < 
about $6 per thousand additional to put the timber in place. — ea = 


 Vuleanized timber has been used on the New York Elevated 
Railroads for twelve years without showing any signs of a8 
deterioration, and the chances are that it will last fully twenty-five 
Pirie... Our investigations lead us to the conclusion that it costs about a ! 
«$1 per tie to replace ties in the track without interfering with the 
: traffic, over and above the value of the tie itself; while for new work 
4.4 the cost of laying a oe is only 20 cents, making & ee sal 80 
cent 
For the purpose | of let us a mile of double track. 
‘Ties.... 9 052: 61 ins. 8 ins. 289 664 ft. 
Guards. 920: x8“ x 88820 
eas x x 5 280 85-200 
"1508: 4 “x 8“ x 


115 ft. 
Say 564 


oof the untreated timber, and that the excess of cost of replacing ties 
7 _ during traffic over that when there is no traffic is 60 cents instead a : 
80 cents per tie. The e rate of compound int interest assumed i is5 percent. 
a the end of fifteen y years, then, according to these a assumptions, the 
-¥ floor in either case would have to be renewed, and the total costs for. & 


the fifteen years would be as follows: 


e of the vulcanized timber to re nt fifteen years, 0 or ial twice that 


23 125 13 


‘Total. 
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For ‘UNTREATED ' TIMBER. 
052 ties at 5 431 20 


Compound interest on $13 536 for 15 years... _ 


Py 


more expensive than vulcanized timber, er, even upon 
that are manifestly unfavorable to the latter.” Pail nubian ets 


Bret AND CHEAPEST FOR Caps. 


she. 


blocks and granitoid; and the last was adopted 


“8 cause it was considered both the cheapest al best. “a 4 Experience with : 


the pedestals has | given the engineers no comma 

7 to regret their decision concerning this matter r. The granitoid cover- cover- 

" ing for the concrete of the e pedestals is 6 ins. thick, and is ear : 

one part of Portland cement, two parts of fine granite screenings 


and per ts crus shed granite, no piece — (oo large to pass th through 


g made extremely ‘smooth, — 
to exact and perfectly — 


XIV.—Beanine Capactry or Cuicaco Som. 


ned made a number of experiments on the capacity 
“of Chicago soil, using an apparatus designed by the s author, by which 
aload of pig iron was: applied centrally to | a square h block of timber. a 
ry is Mr. Rowe hes promised to to treat this subject i in his discussion, 1 no 


Bi further details will be e given here, except to state, that the safe load 


oF ANCHORAGE ‘FOR 


Where lor longitudinal sway bracing i is ‘employed, two > anchor bolts 


per pedestal were used; but, where reliance was placed on the a 


Yerse strength of the column to resist the bending effects of — 


| 
—— 
— 
q 
ag 
| 
at 
— 
— 
4 
employed. All the anchor bolts of each pedestal were passed through 4 
single anchor casting or spider embedded in the concrete and set 
— 
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‘earefully to line and level. The details of the founda- 
tion are shown in Fig. 5. The upper ends of the anchor bolts 7 


enclosed loosely ‘with a curved plate, 


As 


there are Tivets s connecting ng the curved plate to take care of 
both the direct and the secondary. or induced stresses due to eccen- 


tricity, this entire pedestal d detail is such as to make the column and — 


the pedestal absolutely continuous, so that they act asa unit in seal 


sisting 0 overturning; “hence | all calculations | of st trength of par 


4 made ‘upon t the assumption that the foot of the column is fixed. 


pestaquauity 


SECTIONAL PLAN OF COLUMN 
FOOT AND PIER” 


CAST IRON 
ANCHOR PLAT 


g 


A similar to wee employes by ‘the in 1891 when 


designing the columns and pedestals of the Sioux City train- 
and, as as knows, , this was ‘the fir first time that -foot 


will 


designing these elevated for Chicago, many estimates 


been made, 


4 322 
a 
= - shing to the column, and having 
O1 rivets for attaching 
— i 
— 
— 
ley 
— | 
‘The ordinary method o vorners doesnot 
a horizontal foot-plate of the w simple calculations 
ar from it, as a fe 
~ 


? fference in the we weight when 
both are proper] y open-webbed girders cost 


atrifle more per pound t wa iin the ere is no economy in . their — 
use; nevertheless they were adopted all reusing longi- 


tudinally in the streets in order to comply with certain city ordi-— 


observance of these ordinances was sometimes “carried ex: 
a a tremes, producing ri diculous combinations of solid and open web i in 
the same girder, and an evident 1 waste of material an and labor. > For this 


the e are not to blame, as it w was not framed the 


4 mao inves Mention: of this question was made by waiting to a number 


of the leading bridge e companies, and propounding to them this query: 7 


“ If 7 
if yon bat ® lump sum contract for building a bridge would ld you 


nd it more economical to use crimped angles for web stiffeners, or 


adopt: plain ‘angles: with fillers beneath them?” Some replies 
vored crimping | and some dia not; ‘but the majority, including most — 

aes ae the larger companies, considered crimping a little the more eco-— 


‘nomical, especially for intermediate Stiffeners ; consequently on the 
Chicago. work all ‘intermediate stiffeners and ‘all end 


be 


cerning capacity t to resist fa- 
of erec ection, economy of metal, etc., , determined that the ‘section 
a for columns” located i in the street should be two 15-in. soled: channels | 


with the flanges turned inward at and a 15- in. rolled T-beam | riveted be- psi? 


_ tween to act as a central web or wr diaphragm, the the flanges o of t the channels 
being held in place by int interior stay plates spaced about 3 ft. centers. 


ih most cases the ‘column | feet pass below the pavement | and are em- kd 


, bedded i in the concrete, to which, of ¢ course, they are bolted, but in 


some cases on pedestals a little above level ‘the side- 


“column better to to resist impact from heavily loaded “vehicles. a Just ‘ 


2 
4 
— 
— 
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is a very satisfactory i is 
it gives | some little difficulty i in | the shops and involves a little mon 


- field riv veting a One complaint made was that the top an and 


bottom planes o of flanges of I-beams are never exactly parallel to each 
other, sO that some straightening was necessitates 
For columns located on private. property ralks where the 
‘structure is transverse to the street, four Z- -bars and a web ) plate we 
adopted as the most satisfactory s section. At the top of the column a 
Ww wide curved web plate and curved angles are’ used. ‘This design makes 


a a most satisfac ‘tory column, which goes through the shops readily, and 
ow is well adapted f for quick erection. is true that it : 


the manufacture was easy yond comparatively inexpensive, “The 


a Bridge Company, , of Abies, Pa., , and the Elmira Bridge , Company, ¢ ees 


_ Elmira, N. Y. , together took the contract for the metalwork of the # 
entire Northwestern Elevated and the Fifth Avenue aide of the Uni 


Loop. . The Lake Street side of the Loop w a8 built t by the Phoenix | 


Bridge o f Ph ville, P. d the sha two sides are bein 
idg ompany re) cenixvill e, Pa., an 


by the we Pencoyd Inc Iron Works of Pa 


of the column 


latter the details of an  expension joi 


, .—Best oF ‘Jom. 


_ The designing ot of a perfectly s satisfactory y expansion joint is no o simple 


problem ; + consequently, it demanded considerable study, the result of 


©, « which was the adoption of the pocket s shown in Figs. 8 and 9 to r receive 


7 ~ ek loose end of a longitudinal girder. der. The m most ost important fea feature of | 


oe this design i is that the center of t pressure from the longitudinal girder 


distant from the cross-girder | about half the length of the pocket, 
which reduces the moment due to eccentricity upon the group of %% 


rivets connecting the pocket to the cross- ‘winder, and prevents the 
of the longitudinal girder from ‘coming on an edge of metal 
as would be the case were not the of pressure thrown towards 


the cross- _girder by the small base } plate. Again, the number of rivet 
~ connecting the the pocket to the cross-girder is ample for both ” direct = 


— 
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— ia 
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— 
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“hoe 


— 
— 
. 
— ii 
— 


‘shear and ¢] the secondary stresses due to ee moment caused by the ec: 


pocket, and it its top is held between angle ) clips riveted to the cross- 
girder. Thus the expansion ends of the longitudinal g girders are held ‘. 
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to about as as are the riveted 


centric bearing. The longitudinal girder fits. tightly laterally i in the 


— 
— 
— | = 
— 
— 
he detailing of the enti 
parts of end is 8 
— e metalwork are to the is no arranged 
ll 


é. though extra care will have to be used by the painter on this po portion 
of th 
is unprotected. 


~ 


each pertaining to two. tracks, and “consisting of a double 
a tem of cancellation, the diagonals being formed of t two 4x 3-in. 
we 


angles Tiv reted together an and | to the lower flanges of the longitudinal 
where they cross the same. . The columns on curves are )made 


larger ond than on tan gents, in order to resist ‘properly 


XXL Loar OF OF STRUCTURE BETWEEN 


question involves the effects of of 


especially in ‘producing bending on the ec columns. Th The latter were 


figured f for de deflection with due regard the fixedness oft 


perature. investigation showed that 150 ft. ‘should be the ordi- 


distance between inte almost the 


Bour Nurs ABovE versus TRack-Bour Nuts Brow. 
ee Each method has both good and bad features _ With nuts auts below, ; 


the hole through the wood can readily be protecte os from the entrance b 
gavel but the nuts may work off the bolts without notice being 

taken of the fact ot by the track- ‘walker. | With n nuts above, any loosen- eS 
in ing of the bolts wo would be. seen at once once, but a a water-tight | joint is hard 1 
sae tomake. The latter arrangement, after much discussion, was was adopted, a 

and cup-shaped washers let the wood were employed. liberal 

se of paint in these cups 1 will probably seal them against ¥ 

> of t water, but their insertion laos the wood | seems like an invitation for 


rot. An important advantage in using these cups is that there are 
- - Projecting nuts above the wood to trip anyone walking over leas track. BS 


; 
7 
— 
— 
3 
— 
— 
a 


e—o—o—o- 


Pa 
; 


jo 


1,866 


marr, 
— WADDELL ON ELEVATED a 
— 
— 
— 
32s 


D RA 


ry 

N 

au 


WADDELL 0 


124 Plates 


ILROADS. 


a 


a 


ly: 


- 


— 
| — 
— 
_ 


7 it was decided not to attempt o. obtain th this by elevating or de- 

pr pressing the longitudinal girders, or by u using 1g wooden shims on outer 


girders, but to » employ ties. Three b bevels only 
‘used on the line, vi viz. 1,8 ont Six ins. in wie Such b bevels, it is s true, wil 


speed on sharp curves; but it was considered “that this maximum 
a speed could not be maintained on sharp ourves, hence the compromise t 


betwe een theory and practice. Experience in operation alone will tell 
whether the of the ‘engineers ine this ‘matter i is” 


 XxIv.— Est StyLEs OF STATIONS. Pas 


lin on the company’s ’s private property it was decided to 


adopt a single brick house to accommodate the entering pessengene for 
four tracks, the exit passengers leaving the platforms as by special 
~ exit stairways leading to ) OF near the street, each of said stairways | 
being provided at its foot with a turnstile prohibiting ‘entrance but a 
permitting exit. This arrangement dispe nses with several platform 


"employees and yourente the station house and stairways from obstruc- 
by passengers mov ing in opposite directions. 


Gant it was to run the exit at right: 


1 10, but it we was afterwards that ‘this methoa in ‘some. 


= is the e better one in in that i ‘it peso 4 up the the already some- 
what narrow w platforms with apertures for exit, as / does t the frei 
4 adopted. Hower ever, the pressure « of the financial department was too | 


strong for the engineers; consequently, the the wes 


‘The following ‘extracts from the specifications for stations on th 
_Northw estern Elevated, together with occasional reference to Figs. 10 


¥ and 11, 11, will give a fairly clear idea of what these stations will be like he 


Wncomplete 


a “ “There are two slightly different styles of stations on the line; 
: ‘Interior Track Stations’ and ‘ Exterior Track 


— 
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— 

it was decided to confine these stairways entirely to the company’s 

= 

| 
— 

— 
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former being placed at intervals of about one en and the latter re a” ; 
“The e essential points of difference in the two styles of stations 
e 
are in the platforms and in the vestibule and stairways lading 
Cis In the Exterior Track Stations the platforms are outside of i 
while i in n the Interior ‘Track Stations they are between the ex- 


spread 0 so as to p pass around the platforms. 
“There will be but one house to each 
es ing the same from the street, but not passing through it when 
leaving the line, as: special ‘stairways leading to the street are 

oo _ “The houses : are to be built as follows: The basement walls areto— 
s » commons’ of rubble, resting on dimension stone footings; the main 
walls are to be of common brick, faced with pressed brick and terra 
cotta trimmings; the roof is to be a composition gravel 1 roof; the floors | 
areto be of white oak, resting on common yellow } pine ‘flooring over 
: ew pine joists; and the finish is to be of antique oak. The houses 


are to be lighted by both electricity and gas, and a are to be by 


‘The ticket office is located one: side of the re rear ear vestibule, which 

latter leads to the entrance stairways, which in turn lead to the plat-— Sie 

_ “These platforms are to be ‘constructed of transverse and longitu- 

_ dinal timbers 1 with a two-inch (2°) vertical-grain yellow pine flooring 
ie top. ¥ They 1 are to be sheltered by « canopies of corrugated i iron sup- 

oA _ “ Around all stairway openings, along the outside of exterior eiliee 
forms and at ends of all platforms are are to be be gas- pipe be hand- peelings A 


with grillewo: york screens.” 


cons iderable deliberation and discumion was “decided 


as to apaierens the seme: Pager fro of coal and ashes, with the 
avoidable accompanying dirt <a and trouble. | The u use pet gas, though, 


— 
— 
— 
ii 
iii 
Be: 
a — 
Satisfactory method for houses on the ground; but for the Loop at 
tations and those of the Northwestern which are supported — 
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“This question 1 was investigated sc So as determine whether! in certain 


“_ cases it would be v w orth while to strive for permission to: to put the columns: Me 


in | the street. As 1 will be se seen in the table given | under Section ‘4 
ed 4 XXVIII, the cost of ‘structure per mile of double track was estimated Fe i 
to be $267 760 with columns of and $240 537 for col- 
umns in street, “making a difference of of $27 223 per mile of double 
g wack, os or a relative difference of between u and 12 per cent. ae 


—PressEp- THREAD Bots versus Cor- THREAD Bouts. 0 


the of thread bolts i is a patented process, 4 


the author first obtained from the patentees a a guaranteed pound price 


for their bolts delivered f. 0. b. cars Chicago, at the: same time getting = 
- corresponding p prices for both ‘upset and plain bolts with cut threads. -_ 


He th then had his metal inspectors t test to | to destruction several specimens __ 


pressed. thread bolts sO to determine their strength i in 


As th the ® difference i in the pound prices was small, and and as s the stecagh : 
of the pressed- ened | belts is telly 50 % greater than ¢ ‘that of the eut- 
thread bolts, the comparison resulted greatly i in favor the 
a - so they wer were adopted for all ¢ the anchor bolts and track bolts on both 


of road. ‘The author feels that he cannot speak too, highly 


“these pressed- -thread bolts, for the ‘result of the tests were surpris 
it is | considered that ¢ the co old- p ressing process reduces 


a the effective : diameter of the soft steel rod at the root of the thread, 
a ae and i in fact increases it but li little | at the edges, it might be aa 


when the bolt is tested destruction, it would break in the 
threaded portion, is not the case, for all the speci 


mens Drok 


_ The investigations included under this heading are the m most ai 
‘ate of of all those made. ‘They involved careful designs and estimates 


— 
— 
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| 
4 
— 
— 
d readily ove 
Pry ld be turned r = 


cost of the structure, all which: are shown i 4 
-secti Fi 121 ti 24 1 


Design 1. Four- track structure with longitudinal 


- ported by four Z- bar columns, the cantilevers and columns F: 


being made in one piece in the shops. = 


& Similar to 1, except thet ¢ the 


Design 3. Four- track, two- enend structure, with longitudinal — 


4, ‘Four-track, four-column structure, without longitud- 
= 


r-tra 


Design 7. Double- track, “two- column structure, 


8. D I ith - 
Design ouble- track, | two-column wi  longitud-— 


inal bracing, the columns being epeced 17 ft. centers 


Design 9. Double- track, two-column structure, without 

tudinal bracing, similar in construction to 4. 


10. Four- track, four-column: ire, 


tudinal ‘bracing, the columns being flared out at the peat 


ande extending only | to the of the bottoms of stringers, 
and the column section being of two: 


Design 11. Four-track, four- structure, similar t to Design 
10, except that channels are used instead of [-beams in ns in the — + 


Avenue 

ond Franklin Street, the odimans being placed o on the 

Design 13. Double- track, two-column structure, without longi- 


tudinal bracing, a also” for the alternative route along the 
streets, the columns in this oa case being placed. in the road- 
wa 


ke 
— 
wart 
7 
— 
i 
4 -| iii 
— 
iim 


q 


port, all references to drawings being omitted. 


ia J In explaining a and discussing each of these designs, the following | 
_ questions in the order here given will be considered: First, general 
description; second, strength; third, rigidity; fourth, economy; fifth, 
esthetics; sixth, uniformity of construction; seventh, facility of manu- 
facture and erection. 
_ In making these various ca culations pawn has been assumed a 
typical block 292 ft. long, simply for purposes of comparison. This 
oa be, however, is of about the average | length of the blocks through aie] 
which the the line will pass. 


F RAIL 


Design 1, Fig. 12. 


a Design li is a four-track structure which is 7 by four Z- ber 


“s General ent —Each track is carried by a column which is me 


located directly beneath its central line. The stringers | are spaced 


tt. apart, and are, therefore, almost directly beneath the rails. They 
carried by short cantilevers, one on each side ofthe column. The 
_ web of these two cantilevers and that of the top of the Z-bar column 
are allin one piece, this web being carried through the top of the 
column. ‘The top flange of the cantilevers is also continuous over the 
Le top « of the column, and its web is carried far enough down the column 


form a good bracket on each side. 


t 
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Re are 23 ft. 6 ins. | There will be two such braced spans to each 292-ft. q 

- block, and a correspondingly greater number for blocks of greater 
Ee length. _ This longitudinal bracing is | designed to take up the entire 
horizontal thrust due to braked trains or to traction, ‘the intermediate 
columns being designed to carry only the direct load and transverse 


~ 


; solidly to the cantilever brackets, except at the expansion ¢ ends. a The i 
s expansion joints are spaced about 150 ft. apart, and will be similar in - 
SS: design to those used on the Wabash Avenue Extension of the Lake — ‘ Mies. 
t 5 Street Elevated Railroad. The longitudinal thrust due to expansion _ 

and contraction of the . stringers is carried to the column i in each bent ; 


rE by short struts, but the longitudinal thrust due to braked trains i is. 


carried by the stringers directly to the longitudinal bracing. by 


Poe: On curves, where permissible, a system of vertical sway cies: will 


be used, and, where it cannot be employed, the columns will be made } 
strong ng enough to transmit the transverse thrust to the pedestals. 
ane. These pedestals are to be x made o of « concrete, covered with granitoid. 
‘eh Strength. —Every portion of this structure has been made amply 


7 would be difficult to make stronger or more efficient columns and can- — 


tilevers than the ones used throughout this design; for these columns, 7 


isnotaweak pointinthem, 
The bracing towers, if they may be so termed, are well braced, both © 
longitudinally and transversely in vertical planes, and horizontally at 
a the top, and take care most effectively of the total longitudinal thrust. 
Rigidity —The stringers are thoroughly braced together so as to 
_ prevent as much as possible all transverse vibration, and this bracing, — L., 
ror with the longitudinal sway bracing in the towers, prevents y.* 


any undue longitudinal vibration. As the columns are placed directly 


crete. and ‘make the column ‘and as one piece. Upon = 

= the whole this design i is so constructed asto makeit as rigidastructure _ 

——— Eoonomy.— —While this structure has been made thoroughly first 
a Class in every respect, no n material has been wasted in so » doing. ‘The 

5 te, ‘spans have been made of the most economical lengths; the spacing of a 
columns transversely to the structure, the sections of columns used, Le. 


the style of cantilever and the are examples of true 


— 0 
im 
= 
| 
— 
— 
a 
— 
i= 
5 
: 
iim 
im 
— 
— 


‘WADDELL ON ELEVATED RAILROADS, 


7 then on any other is the u use of longitudinal s sw ay bracing i in the towers, — 2 


as will be seen by comparing the wage of Designs 4, 10 and 11, and ae 
the one now under consideration. This comparison shows that from tee 
— 140 lbs. to 165 Ibs. of metal per lineal foot of structure have been apr 
2 Design 1, or from $8 000 to $11 000 per ‘mile of same, and at the | a 
game time a more rigid and stronger structure has been evolved than he 
; (the that illustrated in any of the other four-track designs. = 
_ From an economic point of view, only one of the designs, viz., 5 
a Design 3, offers any advantage over Design 1, but there are other con 
‘siderations w which offset this apparent economy in Design | 


12/0". 


1-%219 Web 


Eathetics. —This structure is light an and airy, and upon the whole 


"presents a very “neat more o, — one 


4 

Facility of Manufacture and Erection.—The 

makes it practicable to do nearly all of the riveting in the shops, the 

cantilevers and brackets, as before stated, forming a part of the 

column. A the cross-girders have no direct load to carry 
- as ever, they are made very light, and are to be connected to the canti- 


_ levers in the field, the rivets necessary to make this conmnctbony:s to- 


—— | 
— 
— 
— 

: 
— 
& 
tion will be the 
f hout, with only very slight alterations at: 
— i 
— 
— 
— 
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_WADDE LL ON RAIL ROADS. 
gether with those connecting the stringers to cantilevers and sway 


bracing, being the only field rivets required. 
ba The work is is all plain and | straight, excepting the curved brackets. 


. __‘This design will be easier to manufacture and erect than any one 
of the other designs now under 


—Blrength —aAs far as the strength of the various parts of the struct. 7 
ure is concerned, this design is almost the same as Design 1. The 
same sections are used in the stringers, columns, cross- girders and 

e and longitudinal bracing. 

‘Rigidity. —This design will not be quite so rigid as 1, as 

there are no brackets beneath the cross- -girders, and the method of 


good, for in Design 1 the cantilevers and columns are all made’ in one 
Economy.—The cost of Design 2 is the same as that of Design 1, 
viz., $65 10 per lineal foot (average), including curves. 

ge aod —Owing to the omission of of the brackets, this —_- n does 

appear so well as does Design 1. ann 


_ Uniformity of Construction. —What was said of Design 1 applies to 


oi Facility of Manufacture and Erection.- —In this case the cantilevers 
and cross-girders are riveted up to the columns in the field; this — 

- necessitates driving m more rivets in the field than in case of Design a 
but all the work is plain and straight, and will be easy to manufacture ~ 

_ anderect. Taking it as a whole, this design is not quite so satisfac- - 


as 1, and it costs quite as much money. 


Design 3 3, Fig. 
Brength. 3, as well as all the others, has good 
and strong in all its details. 


Rigidity. —This design is a two- with 
_ the two outer tracks cantilevered out beyond the columns, which are eS 7 

‘g . spaced 24 ft. centers in planes transverse to the structure. While the bs 

Gructure hai has been a designed to be as rigid a as is with this. 
style of construction, the unequal distribution of load a —_ 


i 
i= 
_ 
a 
4 
q 
1e cantilevers and cross-girders to the columns is not so _ 
— 
— 
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WADDELL ON ELEVATED RAILROADS. 
— the structure is well ‘braced; and, longitudinally, the 


braced towers are used, as in the preceding designs. 


more, though, than i in 1 those designs. 
Cost of Design 1.. 965 10 
| 


Difference 


Esthetics. —This structure i is didlos no means a good-looking -m 


Uniformity of Construction.—In this design in changing from four- be 


track to double- track structure, it will be necessary to change | a + | 


Web 


tirely the style o of construct on, which is not the case in Designs a 


4 - difficult to erect. The girders are all heavy and unwieldy, much more = 
so than in the four- column structures. + ‘The work in the shops will be — 


in rigidity, ana of being difficult to erect ol ahs 


— 


g 
—— 
a 
— 
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d cantilevers st be rivete the columns in the field. and, 
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WADDELL ON ‘ELEVATED 
Design 4, t, Fig. 1 
General —Design 4 differs te from 1, 2 and 3 in the 
fact that no longitudinal sway bracing is used, but each column is 
strong enough to take up the longitudinal thrust coming upon 
' aie . The spans through the blocks are about 50 ft. long. Sugirvetedl 
This is a four-column, four-track structure, each column being 
fixed at top and bottom in planes transverse and parallel to the ¥ — 
structure. The columns are anchored to the pedestals by four anchor ‘ 
bolts instead of two, asin the preceding designs, 
Rigidity. —As the only longitudinal rigidity obtained is solely 


— the efficiency of the columns to resist es it is evident that >. “hha 


‘is design will not rigid i in this direction as Designs and 3. 
c _ There are no brackets transverse to the structure; hence, it will not > 
rigid laterally as Design 1. l. The ‘The stringers are well braced to- 
gether and to the columns. On curves, transve erse “sway bracing g will 
be used where permissible, and where it is not, the columns will be 
‘strengthened, so as to take care of the centrifugal load. Rrience 
Economy.— —This is the most expensive design yet considered, 
the average cost per lineal foot being $66 65 - instead of $65 10 for 
Aisthetics. 4has nothing to commend it from an esthetic 


a 
— 
— 
— 
— 
— 
— 
— 
— 
— 


~ 


Uniformity of ‘Designs 1 and and 2, this design has 


4 ures, 
to erect than Design 3, but not so easy as s Design 1 1, 


would be somewhat 


— Fig. 16. 


General Deser iption.—This is a two-column, four-track Structure, 


“and, like Design 4, has no longitudinal sway bracing. . The columns — 
: are built up of plates and angles, and are designed to carry the longi- 


ae 


i 


tudinal and transverse thrusts due to braked trains and to wind load. ” 2 


_ The spans are of the same lengths asin Design4. 


50 


24% 
See 
33 

aa 


LE 


16. 
Design 5 as well ; but, in addition to the defects of the former, Design me 
5 lacks the longitudinal sway bracing, and 80° will not be as rigid a8 " 
 _Economy.—Design 5 is the most expensive design on the list, t 
cost per lineal foot being $67 60. 
Aisthetics. —Like Design 4 it has no commendable in this 


of Construetion.—Like Design 3 this of structur 


— 
— vould be 
— 
; 
— 
ii 


ae Facility of Manufacture ont En ection. —The style o of columns used - 

ould be somewhat difficult to manufacture, and the ; great an amoun 

field riveting would make the erection expensive. | 
os From the foregoing facts it will be seen that this design has several 

_daadvantages and is also very expensive, it has some 

16, Fig. 17. 

—Design 6 is similar to bet isa 

- double- track structure. _ The remarks under Design 1 in relation to 

rigidity, esthetics, an and facility of manufacture and erection 


BASE OF RAIL 


i 


= 


pore 


Eeonomy.— 
Uniformity | of Construction. .—By using this double: track 
aeaiane and Design 1 for the four-track structure, the design will be t 
a the same for columns, stringers, bracing towers, expansion ends, etc. 
i _ throughout the whole line. If at any time it be considered necessary -. 
to convert double- track structure into a four-track struc ture, it ca a 
be done by simply adding a column at each side of the double-track 7 
structure, and in the additional stringers, cross-girders, and 
Design 7 7, Fig. 18. 


4 
ar seme 7 bears the same relation to Design 2 at # Desien 6 6 bears 4 


call 
= 
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Design 8 8, 19. 


"they are placed beneath the outer stringers, thus making tho 
mae Strength. —The end webs in the cross- s-girders extend through the 
; columns, forming the webs of the latter at the top, and pass down far 
enough to form good brackets, thus making the column, end of cross- 
girder, and brackets all in one piece, » which i is up in 
shop. makes a very strong connectic 
"Longitudinal bracing towers are used as in 2, 3, 6 
is thoroughly braced in all directions, and 


aA5 4 ers, and as the inner stringers are supported by the cross-girders, it it is 


~ probable that there will be some unequal in n the 


foot, or $1 850 (nearly) per mile of double track. 
 Aisthetics.—The cross-section of this design is probably the most 
__ testhetic of any of the designs, and the side elevation at street cross- 


can be by in beneath the 


2 and 7 cost $32 65. ‘This shows a saving of 35 ‘conte per lineal 


: cae 7 q er Th) columns are made of four Z-bars, as in Designs 1, 2,3 and 6, but ine 

q = 

— 

— 

— 

y | 

4 Uniformity of Construction.—This design necessitates considerable 

change in the style of construction from that used in the four-track 


structure into a four- track structure in case it aitiaias be considered 
advisable todosoatsomefuturetime. = 
Facility of Manufacture and Erection.—The style of columns and 
girders used with nearly all of the field riveting, 


bracing used the structure will be easier to connect to the 
columns ai and stringers it in this design than in any of the other double- 


With the exception of the lack of uniformity i in cae 

design probably offers more advantages than for the double- __ 


423-255 


. 


is ‘double-track structure similar in construction | to 
| -_—™ 4, and the remarks made under the latter in relation to strength, _ 
4 ‘Tigidity, economy, ssthetics, uniformity of construction and facility of 
‘manufacture and erection apply to this case also. cost er lineal 
pe 
~ Design 10 is different from any of the designs yet considered, for 
_ inall these the columns are carried up to the tops of the cross- es a 
while in this the column is carried up only to the plane of the bottom 


of the stringers, the top of the column being flared out wide « enough | m5 mee 


to receive the two track stringers, which are spaced 5 ft. centers. No _ os 


— 
wil] aleo he very easy The lateral svatem on curves and the stringer 
4 
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top a large ohne is riveted on ‘each of the transverse faces of ni 
- column. This design is somewhat similar to the design used on a 
Strength.— —Design 
et Rigidity.—As the are placed directly ‘the ter 
line of the tracks as in Designs 1, 2, 4, 6, 7 and 9, there will be but 
Ya little vibration or deflection so far as ‘the vertical loads are concerned 
A. but, as s the columns are not carried up to the tops of the stringers an 


cross-girders, it is impracticable to make the structure rigid against o a 
> the longitudinal thrust due to braked trains. Longitudinal brackets _ 
have been used to fix the upper ends - the columns; but as } each of 


4 long, it is evident that the ¢ only rigidity aaa os be sania in ‘this 

_ way is dependent upon the efficiency of this [-beam to resist bend- 3 

_ ing, and a very small deflection in the I-beam will permit of consider- _ 

_ able deflection in the column. — With this bracket. and connection it is 4 3 
not legitimate to call the column fixed at the top. “ The stringer "ae, 


re 
_ well braced together, and the structure would be v very rigid laterally, 


‘both on tangentsandonecurves, 
_ Economy.—This design will cost $67 22 per lineal foot, while De- 

4 sign 1 1 costs but $65 10; hence, Design 1 costs $2 12 less per lineal f foot — 
or about $11 200 less | per mile than Design 10. _ The pedestals « are more 
economical in Design 10 than in Design 1, owing to the greater span 
inet used in the former. une additional cost is due to the ont 

Esthetics. —Design 10 has probably as much to ‘commend it ‘from 

an esthetic point of view as any of the designs under consideration. _ 
Uniformity of Construction. —This design, like Designs 1, 2 and 4, 
can also be used on the double-track structure without any changes in 

of we and Erection. —This is very to 


= rivets to hold them in place. There would be about the same 
Ee of field riveting to be done in this design as in Design L.- Sen 


There is considerable curved work in both plates and angles in the 
details at tops of columns, which details are rather ee 
ga hence the shopwork will be expensive and unsatisfactory. A ee Ras: 


dvantages and is also an ‘uneconomical structure. ei we 


— 
1al bracing is used, so each column is figured to tak 
— longitudinal bracing is 
— 
: 
a 

— 
id 
— 
i 
| 

| 
| 
| 


Design 11, Fig. . 22. 


‘De ag 1, the principal difference in the two designs being in the sec- 

tion used for thecolumns. In Design 11 11 there are two 15- 15-in. . channels : 
strengthened by. 3} x 3-in. 23-lb. angles, and near the top the channels 
are curved outward, so as to provide bearing for the stringers or long- — 

itudinal girders. Experience shows that these curv are 


aa 


iter 
of Design 10. 
same prov isions are ‘made for thrust, ‘but Design 
would be easier to manufacture, and would be preferable to Design — 


"00"Lacing 


Design 12 is for the ene route, and is therefore to be 
i‘. in the street. — Instead of having the columns located in the roadway, — Ta 
as in the Wabash Avenue Extension of the Lake Street Elevated, they | .. aed 
_ will be placed back of the curb lines on the sidewalks, and a heavy | - 
cross-girder will span the roadway and support the longitudinal gird-— fe. 7 
ers, which will be spaced, as in all the other designs, 5 ft. centers, — 
‘With the two tracks 12 ft. centers. No longitudinal sway bracing can 
; ae be u used, therefore the columns ‘are figured to take up the thrust by 
ee bending. The column section will consist of one 15-in. [-beam riveted _ 
two 15-in. channels turned face to face. 


use! 


— 
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, 
+ 4 
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WADDELL ON ELEVATED RAILROADS. 
—This design is made very strong, and is 
_ braced laterally. — The columns are each anchored to the pedestals by x 
four anchor bolts ¥ which fix their feet, while the tops are e fixed by 
heavy struts extending from the columns to the stringers. ~~ ie 
_ Rigidity.—Owing to the great distance between the columns, tea : 
verse to the structure, this design will not be as rigid as Designs aga 
: = and 7, but every precaution has been taken to avoid vibration and 


deflection. An efficient lateral system has been provided throughout, | 
on tangents. as well as on curves, will be as rigid a structure 


_ Economy.—This cannot be a an economical design when com- 
pared with the preceding designs for for double-track the 


5 


Ve 


total cost | per lineal foot amounts to $42, ‘while Design 8 costs but 


r $32 30 per lineal foot. This excessive cost is due to the spacing of e 
the columns and the ite weight of cross- girders occasioned thereby. 
Facility of Manufacture and Erection. _—This will be : very easy 
‘sign to manufacture, as it is all straight work ; ‘the « erection, however, ; 
_ will be much more difficult than that of any of the other double-track | 


structures under consideration, owing to the number of 


Design 13-is also for the alternative route i in case a a can 


= 
— 
— 
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WADDELL ON ELEVATED RAILROADS. 
Elevated, but plate girders will be used throughout for the 


_ stringers _ The estimate for Design 13 is based upon the assumption — 


that the columns can be spaced 17 ft. centers on Franklin Street _— 
ft. 8 ins. centers on the ‘remainder of the 2 
The average cost of Desi 
volving a saving of $5 19 per lineal foot “over ‘Design 12, or 


Summary or Cost 


esig' foot on curves, lineal foot. — 


a 


1665 383 728 
1590 381088 


213 876 


S33 
seseseasss 


Aa 


760 


“the mile. the ‘four -track structure one of these is an interior 


station and the « other three are exterior stations, while i in the double- : : 


structure all are, of course, exterior stations. 


Iti is in order now to discuss fa details i a existing elevated rail- — 


erence to an any y road or roads in 7 
cussion is to call attention to - 


important defects i in order they may at avoided i in 1 future work. 
i. or Rivers FoR CONNECTING DIAGONALS 1 TO 


This defect is more noticeable in old structures than in later ones, f 


= especially as as the tendency now-a-days is very ; properly to ome 
for open- -webbed construction. many of the older 


elevated roads there is 1 no connecting plate » between the 


~ involves the use of either two or four rivets to the ec aie which 
ies evidently bad d designing, as there should be 1 more rivets used, 


7 
— 
— 
a 
— 
~ 
riveted directly to the vertical legs of the chord angles This detail 
= 


considerations. _ Where the theoretical number of rivets is very smal] an 


: First, one ¢ 


additional rivets should be used for reasons, viz. : 


‘more of the rivets a are liable to be loose, and, is nearly 


alwaysa a torsional moment on each gr group of rivets o owing eccentric 


5 


connection. 


1 TO Intersect D1acon ALS AND CHORDS OF 


on Gravrry Lives, 


sect at a single point all ‘of the gray gravity lines of ‘members assembling at 


- apex. ‘The | failure to do so involves large secondary si stresses, ¢s- 3 
pecially in 1 the lighter members. _ By using connecting plates, it is 


always practicable to obtain proper intersection ; and ‘it is is always 
better to do this than to try to ‘compensate for the eccentricity by the 


‘use of extra metal for the 1 main members. 


— 
— 
— = 
— 
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WADDELL ELEVATED RAILROADS. 
.—Farmure to Connect Wes ANGLES To Cuorps By Born Leos. 


Some standard bridge specifications stipulate that in case only one 


leg of an angle be: connected, that leg only | be counted as s acting, 


“although this. stipulation i is ignored by | the designer v working 
under such specifications. It is seldom, indeed, both th legs are 
In onder to the question the necessity for 
quirement, the author has had made, i in connection with his Northwest-_ 
- ern Elevated work, a series of tests to destruction of full-size members 
of open- -~webbed girders, attached i in the testing machine nearly as 
"practicable i in the same wa: ray as us they ‘would be attached in the. sen 
. Tt was intended to settle by these tests the following points : - 
rs first, effect of connecting by ‘one leg only ; ; second, effect of eccentric 
; and, third, the ultimate stren gth of star struts with fixed 
ends, each of these struts being formed of angles. As these tests 
are not yet finished, their results cannot be given here. > The principal 
deduction to to. be made fr: from the | tests thus far far ' completed is that an 
equal- legged angle riveted by one leg only will develop abc about 75 of 
: the strength of the > entire ne net section, while a a6x3}-in. angle ae 
_ through the the longer | leg v will develop about 90 90 per er cent. It is t is therefore q 
more economical for short diagonals to u to use unequal- legged angles ual 
nected by the longer leg than to employ ‘supplementary. angles. to try 
to develop the full strength of the piece. In fact, the e experiments — a 


up to date indicate # that these will not 
r ex 


> 


FAILURE TO Tor CHORDS OF OPEN- WeBBED LonaI- 


TUDINAL GIRDERS TO ‘BENDING FROM WHEEL Loaps 
ITION TO THEIR Direct CoMPRESSIVE STRESSES. 


t is common enough in the older nian, ‘and the | 
as elthongh the stiffness of th the track rails and 


(See often i in the older structures the curved portions of seat line ile 


than are the straight p portions. A substantial sy: 


— 
— 
q 
ome 
— 
— 

4 
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a structure a and carried well into the tope of of the columns adds greatly to 


“a The function of the between is we 
+h portant one, for it is the first part 0 of the metalwork to resist the sy way 
of Not t only ‘the top flanges of adjacent girders be 


variably used at each e: expansion ion end o of each tracl a ; 


7. Per “Truss” Spans AN 
=) 


‘These defective constructions are noticeable i in some wat the and 


4 lines, but, , fortunately, ‘not often in the newer. 
What the ultimate resistance of the ruct 
can tell without testing it it to destruction; but i in the opinion | of most 


engineers it is much less than it is assumed te be by ‘those design 


a —Excess Expaxsrox OINTS. 


é 
Too many expansion joints i in an elevated railroad are nearly as 


vibration induced 1 by the he lack ¢ of rigidity, while i in n the latter case eit 


is overstrained by extreme variations of temperature. a There are ele- 
vated roads in existence with expansion joints at every other ben 


and there i is one with ‘them at every bent. For ‘long spans there should a . 


be expansion provided at every third bent, and for short at 


ONGITUDINAL GIRDERS ON ToP OF Cross-GrRDERS 


This is ‘no means an uncommon | detail, , especially i in the older 


ractur 


—REsTING L 


is s conducive to vibration, and ite only “advantages 
ion and a cheapening of the work by avoiding field 


a WADDELL ON ELEVATED i 
1€ Figidity OF the structure, ald, Conseqt 
| 
«4 staved by occasional cross-bracing frames. one of the latter being 
| 
a 


WADDELL | on “ELEVATED RAILROADS 
—Cross- ‘Su To Horwontat BY Tarust 


resistance that can can be. offered by cross-girder | to horizontal 
bending is very small; nevertheless, , girders a are rarely protected 7 
from the bending of thrusts of What saves these cross- 
girders from failure is the fact that “continuity of the track tends to 


con 
distribute the thrust over a number of bents. _ Nevertheless, it is not = 


Fite legitimate to depend on this fact, , for, especially on sharp curves, the 


By is is to ‘carry the t thrust into the ground as directly as ras possible. 7 
the author 's 's opinion the only “proper way to provide for this ti. 
thrust is to: assume that 20% of the live load between. 
expansion points will act as horizontal thrust upon the 
columns between these two. expansion, pointe; and all, parts of 
"metalwork should be proportioned to resist this thrust ‘properly. 
iBy from top of each post diagonally to to the 
girder at a panel point of sw ay bracing, the horizontal 
thrust i is carried direc tly to the } post, and 2 a horizontal bending moment 


on the cross- girder is is thus prevented. — ‘Such « construction shou should 1d in- 


ELOW Borrom oF Cross- GIRDERS 


B 

4 


extremely in that there i is ‘no ‘no rigidity i in and 


the column is thus made more or lie free-ended at the top. eee atl 


OP. 


it has been « said that no harm is done to the column by making it 
-ended, as it can then spring better when the thrust is applied. 


Unfortunately this reasoning is fallacious, because the few ‘unfortunate 


"rivets which connect the bottom of the cross-girder to the | top of the 


S ‘ column mn tend ti to produce ea fixed end, and are, in consequence, rack racked ex ex- 
cessively by by the thrust ¢ of the strain. Tn In all cases column should > fig 


= extend to the top of the e cross-girder an and should be riv “i to it in the ; 


an . and are sure to work sooner or | later. Although 


Al 
a 
— 
wy > 
q 
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— 
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a a check the transverse vibration from passing trains. 


WADDELL ON ELEVATED RAILROADS. 


«it is ‘impracticable to. compute the stresses in this detail, nevertheless, 


good judgment will dictate the use of solid webbed brackets s riveted 


4 rigidly to both cross-girder and column 80 as s to stiffen n the 1 latter an = 


13. Cotumns For Drrect Live anp 
* RING THE Errects or Benpine CavusEeD BY THRUST OF 


‘Trams anp Larerat VIBRATION. 


a The practical ¢ effects of this fault can be seen to best advantage by 


proaching felt when it is yet at a great ‘Some may 
: claim | that this vibration is not injurious; but they are certainly wrong, 


a the deflection be caused by vibration or by astatically applied 
7. transverse load, 80 beng as the amount of t the deflection is the sam 


cases. It takes metal, and considerable of it, to make columns 
‘strong enough to ‘Tesist bending and a sufficient 


 &B 


If the e diaphragm web be om: omitted i in such a column, i 


~ ob be placed on the lacing to car carry | the horizontal | thrust from top to 


ow hich is unusual, it is wrong to assume it so, for the reason that one 


4 from acting, : as will also a lacing bar that is bent out of line. . Decidedly — 


a = column that acts asa beam also should have solid webs at ith. 


ANCHORAGES. 
On account of both rigidity and strength every column to 
anchored so to the pedestal that failure by overturning or rup- 


: 
for what does it matter so far as the stress in the column i is s concerned a 


bottom. even if the lacing figure strong enough to carry i i, 


loose rivet connecting the lacing bars will prevent the y whole system " 


4 


ae, ‘ture would not occur in the n neighborhood of the foot, if the bent were a y 
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WADDELL on ELEVATED RAILROADS. 


Fret SuRROUNDED BY AND FILLED WITH AND 


See, The condition of the ‘average column foot is ‘simply deplorable. 
a This is caused by failing to raise it 80 ) high above the street as to pre- ah 


vent dirt from piling around it, and by c omitting to > fill its boxed s] spaces 
_ with concrete _ When rusting at a column foot is once well started, J 


is a t impossible to stop it from eating up the metal rapidly. * 


7 7 False ideas of economy on the part of projectors and indifference 

xd on the p part of some unscrupulous: contractors occasionally cause the ae 


use of pedestal bases altogether too small for the loads that come ail oe 


-_ upon them, especially where the bearing capacity y of the ‘soil is low. 
1s _ ‘The ‘The result is sunken pedestals and cracked metalwork. t In figuring aa 


the on the base of the pedestals it is not t suflicient to recog- 


nize only the | ‘direct live and dead loads, but it is “necessary. also to 


the additional unequal intensities of loading caused by both 


i In relation to sesthetics i in the designing and of 
4 railroads something may be said, although but little has been done 


: 4 The extra cost of decorating ai an elevated structure is certainly c consid- 


erable, and on this: ‘account Projectors are chary of to 


of itself. Notwithstanding this, the careful designer 
can menage to make his construction more ort less sightly 


a without adding materially to the expense. ‘This the author ‘attempted 
tod do i in both the the  Northweste arn and the Loop. It ‘is for others to ‘say 


7 ~ "whether he he has succeeded or ‘not. a At the Diversey § Street and Sheridan E = 
_ Road crossings of the Northwestern Elevated some extra ornamentation — 
compulsory, s 80 it was put in at increased expense; elsewhere 
“no extra money was expended, on appearance. — 
ne time before the Northwestern Elevated was <uttaaiaa and 
bile were tying to obtain « concessions fore down- town an 


ense cut no 
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for this locality, in which the consideration of 

— _ The result of his studies is shown in Figs. 25 { — _ 
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~ 


oad of this type, and Fig. 29 a cross-section of the sam 


= 


eroad with 


— 
being a cross-section of such a structure, Fig. 26 a and elevation q 
single-track railroad, Fig. 27 a side elevation showing 
the details of construction, Fig. 28 a cross-section of a street v with 
— 
4 i i involved not only 4 
These designs involved not only 
appearance, but comparatively noiseless operation and freedom from 


ow ADDELL ON ELEVATED ‘RAILROADS. 


7 dcipping of on the people beneath the structure. Although no 
Hine was built ‘according to these ‘drawings, they have, notwithstand- 
ing, of ‘utility i in several ways ; and d the author now 


= 


= them to: to the engineering profession a as his iden o what an elevated 


— 
4 
— 
lt — 


N ELEVATED RAIL ROADS. 

0. F. M. Am. Soc. E.—Elevated railways are  continu- 
ous bridges on which the loads are lighter but more frequently applied 
than on ordinary bridges. No special inspiration is required for their 
a design. If theyare built strong enough; if, since they cannot be made 
beautiful, it is possible to avoid making them ugly; if they are built 
to suit public convenience » and at relatively low cost—then about 
en has been accomplished that lies in the mind of man to do for the or- 
oe dae It seems that much of the structure treated of in the paper is ie Ve 
we four-track serv ice and some of it on private property. | The fe four- ell 
ae system, like the loop system, is theoretically perfect, ,and ye yet seldom 
oe used in practice. New York City is probably the only place in which — 


- a four-track elevated railway would be bound 1 to be successful, and 
a 


For a railway on private property and where the space under the 
_ rails cannot be utilized for business purposes, as in cities like Chicago ,* 
an and New York, it seems the better way to build a viaduct; to surround 
ye the plot with a retaining wall of concrete and fill in with dirt; then _ 
place girders over the cross streets and lay the rails. An estimate — 
B made in 1888 showed that such a railway could be built cheaper than | 


‘There have been a number of types of foundation for elevated 


shown i in Fig. 30. The r reduction in cost, with the 
fa ——. in form and material, has been notable, passing from $190 > 
{ aa each in 1885 to less than $90 in 1893. It will be seen that the type D, 
rok: adopted early i in 1892, is the one one copied i in the studies now under dis- 
cussion. The author has, however, missed the “true spirit of the ede- 
oe sign, and, misled by his column theory, has misused this really 
serviceable and economicalfoundation. 
es securing the column to the foundation the author repeats, he a 
¢ Says, the fastening he used in Sioux City in 1891; he certainly dupli- 7 
a. cates the fastening designed for the Union Depot shed i in St. Louis. a 
If one were anchoring to solid rock or to massive foundations a 
resisting much greater stresses, these lugs might be necessary, but — 
_ when, as in the sketches, 40 000 lbs. of tensile strength in anchor bolts 7 
_ is opposed to 13 000 Ibs. of concrete, and the bolts are doubled is : 
assumed extra stress, while the concrete mass remains the same, the — 
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allways. in no place has the peculiar aversion to concrete been 
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ELEVATED RAILROADS, 


ave 


me. Nichols. lugs have a questionable value. This fastening keeps — too 
‘Rear the center of the foundation, makes the resistance to rocking 
depend too much ¢ on the the stress in the bolts, and is needlessly awkward 

A striking feature of the designs in the paper is the distribution of 

- material in the columns themselves, in their connections and in the : 
_ lateral bracing, and in the complex machinations necessary to en- 

a deavor to utilize this material. Indeed a series of troubles arises ses from 


the o opinion that “20% of the live load between two ex expan- 


4 these expansion points.” This is pure fiction; it is not even nea 
_ There is nothing to justify it. Even the emergency stops in the air- 
_ brake tests do not give much more than 10% of setentatian, measured 


would hardly reach the figure named. The dynamometer rarely shows 
more than 4 000 Ibs. as the pull necessary to start an elevated train, 
and little, if any more, is needed to stop it. Then this thrust is not 
concentrated or limited in its action to a few feet of structure; itis 
7 spread through the rails and track system and structure generally to “s 
es _ “4 the next curve. The actions of the several trains counteract each 
other to a certain extent, and the net effect may possibly correspond — 
*.§ toa a pull or thrust at the rails equal to 3% of the total moving load _ 
on a half mile of structure and would be distributed over about s~ 


‘There isa phenomenal continuity in these structures. It is impossi- 

an) ble to close up an expansion joint except by expansion, which never 
a amounts to as much as the ordinary theoretical requirements, because | 

‘Ss provision is made for excessive ranges of temperature. Owing to § 
the continuity of the structure there is, in practice, very little lateral — 
_ Stress on the cross- girders, even in extreme cases and on curves. The 
= builders fixed the base of the column, and left the top free to 

vibrate; the more recent structures have the base of the column held 

and the top firmly fixed to the transverse girder; as a consequence, the : 


give a a clear idea of the details of con 
4 struction; it would acom, however, as if none of the connections of the 


— 

— 

— 

q 

a eee. a aa ally sufficient to resist the ikened to a common table, — 

4 in which the legs are securely fastened tothe top. 

The entire effect of the extension of the lateral sy 

No one has ever made a very satisfactory column 
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364 ON ELEVATED ‘RAILROADS. 
Mr. or w ith column feet. author’s condemnation of the straight 
So irrational and will not be generally approv wed. {The curved be bracket j is 


_ unsatisfactory, because it professes so much and accomplishes 6 
little ; it is ugly, and, unless very heavy, it is ineffective [ae 
‘Far too much stress is laid on the necessity for a web plate | in 


+. column, especially in a direc tion transverse to the axis ie the structure, 


stresses to meet. They are, howev er, generally quite 
minate, and | may be fu fully provided fc for by ‘simply fixing the column to 
the cross-girder at the top, and prov iding a double-riveted lacing of 
‘It certainly seems strange that Designs 12 and 13 should have much — 
- larger column sections than Design 3, which may easily have twice ee 
great a load. This all follows quite logically, however, from the use 
i = the column theory prescribed in the paper. - It would be interesting 
.- to see, and weigh, the lateral brace for Design 3, when “properly — 
_madetosatisfythiscolumn theory = — 
ie expansion pocket (Figs. 8 and 9) has nearly all the « d : 
i the old strap ) pocket ofa generation ago, and is, _ constructively, 
_ ruption of a pocket designed by Theodore Cooper, M. Am. Soe. C. E, ie 
ie in 1886, for the Suburban Rapid Transit Company, and since used on ey 


m. the Brooklyn tty with a a reduction of t the length « of the lever a arm of the a 


q to 250 ft. the latter was used latterly i in Brooklyn, the joints 
_ +occurring at the middle of every city bleck. _ These structures do not 
reach the high ranges of temperature quad assumed, and rarely 
and contract more than + in. in 100 ft., often not so much. 
«dt is important that the cost of elev ated | structures should be kept a 


of this matter. For the New York City roads, the interest on the pres-_ Bet 
ent cost of stronger structures would constitute less than 15% of all es 


annual expenditures. ‘The problem is to get the best effect for the 


- least money, i. e., for the least — of structure. It has been 9 well is 


but not rightly distributed. In this ‘respect, the studies of the paper 9 
mark but slight advance over previous practice. 


a One of the most economical structures ever built was the stem line 
of the Suburban Rapid Transit Company. It was located on private 
_ property except at street crossings, and had but two tracks, althoug 
these were located with reference to the possible addition of 
“more. _ Masonry piers 8 were used on the private property, instead of 


the longitedinel girders rested on iron plates, placed ‘on the granite 
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into the metal, the foundations being the same, it would add 
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s. Onee end of each g e 

ohn slotted over ae elt set in the coping. There was absolutely 

no vibration; the bents were substantial, imperishable and economi 
eal; the cost of the structure for double track was about $35, and $ 
» 4 type was designed estimated to cost $30 per lineal foot. “ The odin 


Scllowing approximate data for the Brooklyn Elevated ‘Bail 
road i is based on actual construction rather than on studies, and ex- 4 
eludes siding, yards, water, coaling and interlocking plant, and all 


ad stations, other than noted, and reduces the cost of structure to 3 cents te 


Weight of structure per lineal foot 106 050 - Ts. 1180 Tbs.| 950 Ibs. 

ou tions. 5 
Cost per mile, including passenger stations.|......... a 308 000 00] 286 950 00) 213 900 00 Age 


‘ ‘author, but the percentage ¢ a cost ot bent to cost of sp span - is much less, 


— the ‘true theory of economy’ ” is correct, about 30% should be 


7 added to the cost of these Brooklyn bents, and since this must be put — 


000 Ibs. of metal to these bents, which has, heretofore, been con- 


The track system of the Manhattan Railway seems to have been | 


accepted without much question. This system illustrates the per- 


confidence to the timid, and these are its principal uses in the recent 
Brooklyn lines. ‘If the only objection projecting nuts was the 
: danger of tripping one up in | walking over the track, they y would not 


ost the Manhattan cups. Fig. 31 illustrates the principal | types of track — 
system used on the Brooklyn lines. 1A Bon — 
" The beveled ties provided for in the studies of the p paper were first 
4 used on the Brooklyn lines in 1889, and had, no doubt, been used 
before that time, if not on elevated railways. They are theoretically — 
all right, but the track- -men go the old wedge block as more con- 
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between and practice i in using low ae outer rail Mr. Nichols. 
on curves, and says, ‘‘experience in operation alone will tell whether =—=s_—> 
- the decision of the company’s age in the matter is correct.” 4 


hemi in “use « on all elevated railways from the beginning. 
compromise with theory, since the lower elevations with 
the slower speed absolutely required on sharp curves to avoid unseat- _ 
it is unfortunate that the details « of the longitudinal girders and — 
: " their connections are not giv en | in the paper, as there are indications 
hes that close adherence to the scholastic methods has led to the retention 2 
of some of the antique errors of girder construction, = = | 
a ‘The simpler an elevated railway can be built, the better; the oe me 8 


the e number parts and the: simpler the shape of these parts, the more> 


tolerated, and the illustrations in the paper show this to be true. J z 
‘nitineasanh, to be good, must be necessary, and must be true. . These 7 os 
conditions are not satisfied on elevated railways, except in the “most — 

columns, in the studies, are very large, and the spans 

: _inconveniently short. The arch span has no practical value. It does 
—" that could not be better done without it; it is, in consequence, - 
insincere and misleading ‘and cannot be justified. It is intended to 
hide the girder, which really does the work, and is therefore a delud- 
a sesthetic structure does not seem to require the heavy holding-— 
down lugs and bolts of Designs 1 to 18; it will, perhaps, hold it- 
inl down. Here is, indeed, a structure, Figs. 27 and 29, which does” ce _ 
not require holding-down bolts; which could, in fact, be skidded 
over thick ice on its feet without falling, simply because its legs 
are stiff enough and are well fastened to its body. In this ‘Tespect it = + ng 


cae ‘sustains the recent practice in the East, if it does not fully. satisfy the 


Henry B. Seaman, M. Am. Soc. C. E.—In studying the require- Mr.Seaman 


ments and the necessary -expedients of | an problem, 


features will be found which the influence of con- 
ditions over which the engineer has no control. _ This may be —_ 
§ = sidered to have been the cause of such details in elevated structures . —, 
as the use of flat plates for the main compression diagonals of lattice B. zn al 
: girders, or the construction of cross- -girders with inclined end- -posts, q uty 
“ and with no other column connection than that afforded by an iron — 
casting; but, though such details may, indeed, teach how not to do 4 : 
it to say there are no other lessons to be learned from these struct- a 


potas bs whe is to forget that when first constructed some twenty : years ago, 
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ED RAILRO ADS. 


of by those engaged in the most recent 

“4 one of these is the effect of the longitudinal thrust of stopping trains, 

_ The use of the coefficient of 20% is extreme, even on a purely theoreti-_ . 

cal basis, as an examination of the tests of efficiency of air brakes — 
w will show. a These tests, “made under exceptionally favorable 

4 stances, show a r a resistance of about 15%, and when it is considered 


Y definitely, it may be doubted if the resulting strains are of any con- 
siderable importance. Vibration must occur so long as iron has 
ela asticity, but that such vibrations | produce excessive strains, or in 
any way injure the structure, is not indicated by experience. If the 
vibrations are the is to build stations and plat- 


exigencies of manufacture have sensory eliminated the general use : 


hard “spots. It seems to be growing opinion a ‘among en- 
gineers, that the use of high or medium steel so increases the con 
tingencies of failure, due to hardness, that a decrease of section is 


‘site will not conceal defects of manufacture, s and for that } 
advocates the use of pure boiled linseed oil; but for a permanent coat — ‘c 
of paint, there is probably nothing much better than red lead, unless 
experience should prove that carbon ‘paints: afford better protection 
ss against locomotive fumes. Some time. ago, while examining a rail 
road bridge which had oxide of iron paint on compression members, § 
and lead paint on tension members, both ‘applied about four years 4 
_ previously by the same painters, the oxide of iron showed heavy 
cales and rust, , while the lead was still in perfect condition. . 
rail sections it would hardly seem necessary to go b those 
- recommended by the Committee of this Society, which was composed ; 
~ of members of special experience, and whose report was the result of 


» have become no blended wit he very source of his better infor. 
——— ing engineer may fail to recognize the i years of service, under 

These elevated roads, after designed, show no indica- 
nation. ‘These eleva which they were designed, show 
— loads exceeding those for which vould justify the prediction of wide 
sh deterioration as would j 1 because of their 
f such de reconstructed becau 
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oN ELEVATED RAILROADS. (8690 
the _ 's device for securing a truly fixed base of column is a Mr. Seama 
leg one, but the cast-iron bases of the New York roads have been 7 
See efficient, and in these cases the anchor bolts extend nearly to — 
the base of foundations, instead of half way through, as the author j 
as shows. The detail of expansion joint is likewise thoroughly scientific, _ 
ai and a similar device has been extensively used i in the vicinity of New - 
“¢ a York with very s satisfactory results. The old style o of pocket, formed q 
am merely of a bent plate, has, at times, ‘proved weak at the bend. a 
fete The estimates of cost presented by the author are extremely in- 
and valuable, | but should not be considered with undue 
refinement, without the details on which they are based. For in- 
.; stance, Designs 6 and 7 are stated to be alike, except the additional fe 
a brackets on No. 6, yet the estimate for each is the same; also, Design 
ia has cross-girder strains a and brackets, yet itis said to be less ox: 
pensive than No. 7. Again, in the comparison of plans, he | places t the ¢ 
a four-column structure on the same basis as that with two columns, a 
though he does not state whether or not he has considered the _ 
E that the four-column structure would receive its maximum column © 
load f from each train that passes over it, while the two-column struct 


ure would practically never receive such strain. rod, 


- ethays hile his brother engineers may differ from him in a number of 
! details, it is not intended to detract from those main features of the _ 
Ge author’s paper which are beyond criticism, and for the presentation —- 
a which all are indebted. bal He is likewise to be congratulated upon re-— 
 ceiv ing the endorsement which has enabled him thus to adhere to the 
_'T. C. Past-President Am. Soc. C. E.—The author gives a Clarke. 
list of sixteen “essentials” to good | elev ated railway construction. 
Having laid down the law, he went on a tour of observ ation to see if it 
' had been followed. _ The results were unsatisfactory. He went be- — 
lieving ‘that the methods i in vogue for constructing — 


xamined and correctly ‘reported no of the Second Avenue 4 
_ structure of the Manhattan Elevated Railway of New York, he must ieery wy 
have admitted that it conforms in general design to all of his sixteen a 
“essentials,” although i in detail there are many differences. 
The speaker took "direct issue with the author's sweeping | state. 
- ment, and maintained that this structure, although designed twenty — 
years ago, is not radically wrong, and has by its performance shown ~ 
reg it is not. The columns are of Phoenix section, but stronger than 
the section designed by the author. — The foundations } and their at- 
_ tachment to the columns are much better calculated to resist bending 


strains on the columns, and as there are none, it is perfectly proper to 
the at Ge bases of the cross- That they are 
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“DISCUSSION, ON “ELEVATED RAILROAD 


elsewhere. _ The Second Avenue girders have ‘‘ no connecting vies 
the diagonals is and | chords and have fewer rivets than the 
author believes to be} proper, but it is a matter of fact that after seven- bo 

teen years’ service under a heavy traffic there are few or no loose 


By the courtesy of Mr. Mr 


was 1s able to ive ‘the following intention ‘statistics as as to the Second 
Age, 17 years. Length, 7 .4 miles. Total cost of repairs to structure, - 
sg including track and painting, $40 613 23; per year, $2 390; per e 
Ss per year, $319. Cost of ‘repairs per ton of structural iron in 
17 years, $1 39, which is about 2% of the original cost. The total — 
tonnage passing over this structure in 17 years is 252 356 693 tons. 
Practical men would call thts 8 good design and good construction, — 
exp expansion joints and the entire floor s: system of the Second 
) y 
in enue structure have been closely imitated by the author, and the — 
“a speaker was able to agree with him so far. He also agreed with the 
- = author where he says that holes in riveted work should be punched 
c—_ than the diameter of rivets, a and reamed to a greater diamete 
_ Either this or drilling is essential to first-class work. The speaker 
Bn it himself for swing-bridges and long spans. Whether it 
_ should be insisted upon for elevated railway work he has some doubts; 
_ it would, perhaps, be better to to put the extra cost of ae into it 


| 


_ The Second Avenue structure was not reamed, but it is canal ag 


‘ Its weight per foot for two tracks, the posts and cross-girders 
“a being designed for four, is equal to that of the author’s four-track — 
4 structures. It is believed ‘that its durability is due in a great measure 


a to the low strains and large areas of metal, as well as good workman-— i 


Mr. Crehore. W. Crenore, Assoc. M. An. Soc. C. E.—The guthor's 


— statement as to the importance of good “details: and workmanship in a 
em elevated railroad structures is certainly commendable. There may be — 
24 honest differences of opinion among engineers as to the comparative _ 
merits of two or more asi of detail to bce taal, duty, but 


is available when needed. That these either were not 
‘eae understood or were not deemed of sufficient importance by 3 


Mr. Clarke. none the worse for this 18 evident from e fact tha ere 1s no per- 
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DISCUSSION | ON "ELEVATED RAILROADS. 
n evidence in New York. _ The speaker had no more intimate knowl- Mr. Crehore. 
e of the Manhattan eleva ated structure’s: condition than any one 
may obtain by riding over it or looking at it from the | street, but — — 
enough i is evident to show that the structure could be very much im- _ 
proved upon if rebuilt. Although the rolling stock now used is no eee 
i heavier than was provided for by the designers, yet the live load is now pis 
a maximum, the wear and tear is continuous, and the speed of trains 
ES has been much increased, notably on curves. ys Then, too, the improve- Ee? 
F ments in the air-brake during the last fifteen years have caused a sub- at 
stantial increase in thetraction load. It was the opinion of the —_ 
that under these conditions no amount of patching can prevent a gra- 
yin dual decline in the factor of safety y of the structure, and without wish-_ ro 
ing to arouse any undue apprehension, one might reasonably seek a s 
i *s know why, in a city that gives special attention to all other building © 
: construction, whose insurance companies inspect carefully and regu- 
: larly the elevators in the tall buildings, and whose vigilance for the 
health and safety of the people is so practical and thorough in other — 
directions, the elevated railroad structure which carries 500 000 people 
a day should be left, with no check except the occasional superficial 7 
inspection of the State Railroad Commissioners, entirely | to the watch- 
ae fulness of its own management, which in other matters is known to be 
It will be argued and figures might be produced to show that the hs oh 
elevated railroads in New York have been remarkably free from acci- , 
dents, having carried an enormous traffic during the last twenty years” 
with practically : absolute ‘safety; all c of which is true, being due partly — 
to the very efficient handling of trains, and partly to the fact thatthe _ 
a of safety of the structure is not yet used up. A chain is no a 
stronger than its weakest link; the factor of safety of a structure is no a 
greater than that of its weakest member or its weakest detail. 
8 ‘structure which is subjected to continual vibration and is never painted — _ 
must of necessity be wearing out. . it a matter 


— 
— 
— 
— 
er 
— 
| — 
in — 
— 
bee 
— 
— 
_ 
— 
a 
n- 
— 
Ld 
— 
cho 
— iii 


Mr. Bouscaren. G. ‘Bouscaren, M. Am. Soe. C. E.—Two points are brought out by 
the author which are sp specially 1 worthy « of discussion, viz., the selection 
_ of the grade of steel most appropriate to the class of structure under 
consideration and the desirability of a application of 
4 reaming i in riveted work te 
The denomination of medium steel generally implies a a degree ao 
hardness consistent with an ultimate strength of from 60 000 to 70 000 3 


lbs. per square inch, with a ductility measured by an elongation of | 


about 259% in 8 ins. The corresponding figures for soft steel are gen- 
erally fr from 50 000 to 60 000 Ii Ibs. per square inch, and about 30% e elon- 


_ Soft steel i is a material eminently tough and ductile, the progress be 


manifestly superior to iron in most songeute, and is rapidly taking its 


to o resist a ‘considerable ‘amount of “rough It is 


q adapted to structures exposed to vibration and impact, 
_ such as the deck members of railroad bridges i in general, and all mem- am, i 
bers of short-span e elevated railroads in particular. The same degree 
_ of uniformity in quality cannot be claimed for medium steel at the ae 
_ present time; it may be obtained occasionally, but never with the same 
q degree « of certainty. Besides being a harder and less ductile material, em! 

medium steel is liable to extra hardness and brittleness in n spots. 

Until it can be treated on the same footing as soft steel in point of a 
uniformity, its use in the riveted members where exposed to sudden ie 
7 variations of stress, or to shocks incident to derailments or collision, | 
_ will not afford the same degree of security as that of the softer metal. ai 
_ The examination of a railroad bridge fallen under a “passenger train, 
_ presumably by the work of wreckers, has recently confirmed the writer 


in his views as to the use of medium steel in deck members. z A notte = 


vertical with one end about 3 ft. in the ground. ‘The only | “apparent a 
to the girder besides the bent lateral angles at the end was 


the marked point of seems to be that a ‘lower content 

a in phosphorus is practicable for basic steel than is the case for acid =| 
steel. Phosphorus being admittedly an objectionable element in steel, as i 

should to ) settle the in favor of basic 


4 | 
| 
— 
ial 
a 
across without any other deformation, 
4 
he writer 1s in hearty accord with the author in what he says 1D 


CORRESPON DENCE ON ELEVATED AIL ROADS. 

— to the desirability of reaming rivet holes in n all kinds of ma- Mr. Bouse 
é terial. It is a universal practice to specify that all rivet holesshould = 

a match exactly and be of the exact diameter required for the hot rivets. 2 
There is no difference of opinion as to the importance of these con- a s 
- ditions to the good quality of the work. Every one knows that they f. * 
cannot be secured without reaming, yet the stipulation as to reaming oa s 
_ is generally omitted to save cost. It seems to be one of those instances = 

of self-deception where the unconsciously, perhaps, 


af hardly necessary to add that ‘such attempts are generally failures. ¥y 
Every one will also admit that punching is a brutal operation, “a 

injures t the metal, be it iron or steel, within acertain distance 

from the shearing surface. If flaws are objectionable in the body of 

Peo a plate, they certainly are more so in the bearing surfaces through oe 
__- which all stresses are transmitted. . Under the old assumption attribut- 

PY sing the resistance of a riveted joint to the friction between the plates, — “4 

oa dev eloped by the contraction . of the rivets, it was a matter of little im im- 


e portance whether the rivets completely filled the holes or not, and Be 
punched holes answered the purpose well enough, but they are incon- 
‘sistent with modern practice, where rivets are treated as 
Lat The superiority of reamed work is no longer a matter for specula- Bin > «es 
tion. Carefully made tests at the Watertown Arsenal as as far back as 
about 15 percent. This result has been repeatedly confirmed by later 7 
= experiments. As the matter now stands, it is simply a question be- “_ 


tween good work and inferior work, and whether the extra cost of 


ming is worth the additional security implied in the greater strength 
is and uniformity of the work. These advantages acquire a special im- a 
portance in short spans and decks of railroad bridges. = | 
Pek The use of Portland cement in the | concrete for the substructure is _ 

“d a a wise provision, , especially for the up upper r part of the pedestals exposed i 
to severe stresses and weather. 
.. In view of the fact that the columns are expected to act as canti-— 
levers anchored to the pedestals, and to resist by bending all hori- Ls 


-. temperature, it would be interesting to know the maximum degree — 
a = of temperature, the wind pressure assumed per square foot, the speed — 
Of trains assumed on'curves, the maximum range of temperature from 
ore the initial position \ where there is no temperature stress, and whether ed z 


- provision is not made, a considerable percentage should be added to _ 
ee the centrifugal force for impact. It would also be of interest to mow 
the units of working stress for parts of ‘the 


_ 1882 showed that it could be depended upon for a gain in strength of ~ 


zontal forces arising from curvature, from the wind, , and from changes 


any provision is made for easements at the ends of curves. If —_ 
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o CORRESPOND E ON ELEVATED RAILROADS. 


H. H. Rovsseav, Jun. Am. Soe. C. E. —In re regard tothe 1 reaming of | 


_ holes for shop rivets in soft or even medium steel, the writer believes. 


_ that due consideration should be given to the average number of com- Gs 
‘ ponent pieces the rivets pass through, to the amount of wear and tear ; 
the structure has to withstand, and to the financial “resources of the 
“a purchaser, before arriving at a decision in any particular | case. Ifthe © 
benefit of removing, by reaming, material possibly injured is waived, 
_ the question becomes reduced to ensuring sufficient bearing area for 
_ the rivets in the most economical, and at the same time a satisfactory, — 
_ manner. ‘The proposition is not that rivets in unreamed holes have =| 
value, but what is a safe and proper value to give them. _ The question — 
j is not one of vital importance to the safety and stability of the struct- is 
ure, being only to establish the comparative value. of a rivet drivenin — 
7 reamed hole +’; in. . larger than the cold rivet, , and one driven in 
a punched hole, the mean diameter of which, according to general | p 


4 tice, is 4; in. larger than the diameter of the cold rivet. Justly or 


unjustly, no distinction is now made between the two, and, at present, — ae 
the purchaser } has only a choice between peamay-vr work, which is con- 5 


ee being taken the same for both. Ifa relation can be once es- a 
tablished ~ two, then decreasing t the n number of rivets for 


ss Tt is of interest to determine what this will amount to on a 50-ft. deck 


“ - plate- -girder span weighing 14 tons and costing, reamed, $60 per ton 
erected. 4 The number of rivets in the span will be taken as follows: 


Flange angles to cover plates... 
Stiffeners and web splice............. 


$3 per ton, the average price given by the author, reaming costs 
4 $42, about 1.6 cents per rivet. Any change in rivet values would affect 
‘a appreciably only the number of rivets in the flange angles, and for the 
change in total shop cost caused by a rivet more or less may be es 


* bs the cost of material plus laying off and punching, and driving the rivet. _ 


At 5 cents per rivet, 840 additional rivets could be driven bedese the 


7 cost of reaming would be equalled, and in one-third the time it would = 


take to ream, and it would thus “not be economical to ream unless a 


— 
j Mr. Rousseau. 
— 
| 
0 m4 a ss precision, and upheld on account of its cheapness, and the reamed 
— 
— 
= 


in punched work Cae worth less than about three- fourths a rivet Mr. nee 
in reamed work. The area ofa {-in. rivet upset to }; in., as in punched -_ 
work, is increased over 20%, which excess is not considered i in order to >, 
be on the side of ‘safety. For a rivet upset to to }4-in. in a reamed 
hole, there is less reason for disregarding the ieounil area of 14.8 a 
cent. Increasing the unit strain in proportion will cause a saving of 
; 240 rivets in the flanges, which, at 6.6 cents, amounts to $16, over one- 
of the cont of reaming. This may be stated as follows: 
$798 00 100 al 
work, with increased rivet value. 824 00 8 
work, with ordinary rivet value.. 840 00 3 
hat is wanted at present is to know long reaming 
B the life of a structure or decreases its cost of maintenance. A practical — = 
experiment of the matter could be made on any railroad bridge having © 
fe number of spans of equal length, some spans being reamed and others 7 
~ punched, and by comparing results. The opinion is ventured thatin 
2 general if the cost of a structure were to be increased 5 %, better results 
would be obtained by expending this amount on more material than Eee, 
for reaming. T To those who are not in favor of reaming, the objection eo a 
is not that reaming is ‘not a » good thing in itself, but that it is not 7 vf 
~ worth, to the ordinary purchaser, in prolonging the life and crea 
ing the efficiency of the structure, what he hasto pay forit. Sg 


Horace E. Horton, M. Am. Soc. E.—Asto metal, material, and Mr. 


bes ithe eral, It is interesting to note the modification in the ultimate strength 
of metal specified and used over a term of years. _ Thirty years ago Bis 
ra of over 60 000 Ibs. tensile strength was demanded ; however, iron 
oe 48 000 Ibs. tensile strength was the accepted standard when iron S 
Ais went out of use for structures. Steel first used in structures was of i 
150 000 Ibs. tensile strength ; later, 80 000 lbs. seemed to be the favor- | 7 
Pie - ite, and now the author shows the exact percentage of advantage in 
= the use of 64 000- Ib. steel. What is to be the ultimate strength de- 
_ manded for structural steel in the future can only be a matter of con-— 
_— jecture, but the writer thinks it reasonable to conclude that within a 
short period steel for structural work will be demanded of under 56 000 ey 
Ths. tensile strength. . While in the past steel-makers have not been 
prepared to furnish steel of this character, and it now can only be had es 
at inereased expense, indications are that this extra cost will be modi- bss 
fied or eliminated at anearly day. 
ig No one at this time will offer to use 150 000-Ib. steel, , and it is 7 + 
difficult to find an er who would justify himself in using three- 
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Mr. Horton. ‘ton. plish a a ‘definite result. The author uses es 7% less material of medium 


2 ural material, f. o. b. Chicago at 2 cents instead of 3 cents } per pound, | = 


ENCE 


advantage by increased cost of manufacture. If his estimate is modi- 


heel than he would of mild steel, and nearly offsets the estimated — “3 
- fied to fit the market as it is at this time, that is, manufactured struct. = 


_ a8 he indicates, his estimate of the cost of reaming would be from 5 — 
to 10%, or an average of 7}%, somewhat in excess of the advantage | i 
named forextrastrength = 


‘The writer does not believe an any such oe tion exists in the pred 


- Whether it is $2 per ton, the minimum named, or $7, the maximum a 
asked, not been proved. ‘Further, the manufacturer finds himself” 

‘ at a loss in tendering | on work which demands reaming, to judge 

_ whether it is to be accomplished by mental science process or by phy- 

? sical act. While reaming has been specified for most steel bridge © 

_ work for the past | fifteen years, many of the manufacturing concerns a 

<" of the ¢ country are in shape to dor reaming only by the method w which | 
the author terms “‘ humbug,” while others are prepared to ream with im 5 

_ drills from one- -tenth to one-fifth the capacity of their rivet shops; a 


" hence, the conclusion i is s irresistible that a a very large percentage of the + 


Pe The author proposes to ream rivet holes vs in., that is, ;°5 in. on 


‘ acquaintance, and Savther: seems sto overlook the fact that ¢ a = 
— an rivet holes misfit by 1-8 erent: do slovenly work even cat the 


factory results from the rivet, and further diligent inquiry among — 
__ those whose observation has been the broadest verifies his ‘experience 


‘The reaming of rivet holes in metal work in the future must depend — a 


dt the disposition of the proprietorship to pay for such reaming. The 
- case where the ownership, as described in the paper, was ready to pay i. 
forn reaming, in fact insisted ‘on having it done, turns on the 
fact that the ownership was advised by its engineer that less reamed — 
material would furnish a more valuable structure at less aggregate f 
cost. It would be more instructive if there was an example of where — 
7 “proprietorship had shown a readiness to pay for the extra cost 0 


reaming, where the extra cost would be 4% of the value of the manu- 


= 
= gre not fullw advised as to the exact cost is undonbtedly the fact 
| 
— 
| 
than much criticism. He has never seen a rivet go loose in service 
where the design was rational and there was anv reason to expect satis- 
= 
~> 
Tactured material, and the advantage 1ie OnLy an improvement if tie % 


feelings ‘of the engineer. Examples of this character. would at once Mr. Horton. 
remove all objection on the part of manufacturers to reaming, but 
arg 


> «Thee are at this time three elevated roads opersting in the city of 
“ay Chicago, all of recent construction. of them have been reorgan- 
- jzed, and the third i is in the hands of a receiv ver. A fourth has consid- 
erable work of construction done, and the daily press states that it is 
ue negotiating for funds to carry the enterprise to completion. All have 
e to meet the competition of well-equipped cable and electric street car “ 


Ls lines as well as surface railroads, all of which competition wo would natu - 


ally point to the construction of elevated lines in shape to serve th _ os 
et patrons with the least discomfort, placing their cars as near the street 
pt. The author shows at structure with an elevation above street sur- re 
he face at the base of the rail of 21 ft., , which is essentially | the oo 
of the roads built and projected, while the city requires a clearance of 
yi ft. This makes it possible to use an elevation of 15 ft. to the base 
= the rail ; that is, the entire system of Chicago is built 6 ft. higher = 
a to the base of the rail than the requirements of the city call for, while 
3 three of the four lines pups and built are largely o on \ private | 


hi? cost of construction of ‘of the other parts of the line, while such parts o of a 


the line as have been built in the street would have ‘been: either | es 2 
through construction or carried on single columns on the curb line, 


es where girders could have been placed under the rails. This would _ 

Tequire modification of ordinance, and be attended undoubtedly with 

difficulty, but it would be not at all impossible. Further, 

 eurves and intersections in the streets would be attended with greater ae 

difficulty than by the present method of construction, 
many cases would develop where the tracks would have to be sus-— eo 


It is also apparent the floor of car might. readily be 3 ft. from the 
base of the rail instead of 4 ft. _ Thus the elevated structure would — q 
S ‘fulfil the demands of the city for a clearance of 14 ft. and be only 18 = 
- ft. to the floor of the car, instead of 25 ft. _ How much of the financial E 
- distress, past, present and to come, the useless 7-ft. elevation has and — {< 
5 _ is to cause is entirely a matter of speculation. It surely requires q 
e energy on the part of the patrons of the road to overcome it. ua It we 


cannot be demonstrated that the structures been 
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ON ‘ELEVATED RAILROADS. 


work. Henceathorough and detailed such as has been made 

_ the author, is of great importance i in order to obtain the strictest econ 

omy in construction, manufacture, and maintenance without sacrificing 
_ strength and rigidity in design. That the preliminary work had been 
73 successfully carried out by he author, and that every detail had 

been carefully considered when the contract was let, is shown by the 

fact that the last portion o of the structure now erected, as well as the — 

first, stands a as a true copy of the typical drawings on which the be att 


AY-OUT FOR BR 


From this ge general plan it will seen ‘that the thrust 
from the girders is carried into the columns by a triangular bracing 
on both sides of each column. This was necessary in order to avoid the 
horizontal bending in th the top and bottom flanges of the e cross-girders 
due to temperature stresses. " However, i in detailing the cross-girders 

a. the section adopted for the flange angles was found to be sufli- 

ce cient to carry both the horizontal bending plus the strain due to the 
4 maximum live and dead load on the for cross- -girders spaced 


presents in its general character and in its manner of construction more 
A uniformity than most steel structures, as the single membersand typical 
— i 
— 
— __LAY-OUT FOR BRACING, TOWERS 4 SPANS APART: 
3 ‘This is evident from the fact that only one alteration, even of minor 
oa . importance, was made in the lateral bracing, which originally was 
| 
4 
fore, changed as shown in Fig. 32, thereby simplifying the manufacture _ 
and the field work on the columns. 
ties 


Peres | should be noted in this connection that the omission of the 1 Mr. Mogensen. 
triangular bracing was made only in structures on whereas 
* the structure on curves remained as shown in Fig. 2, with additional 

Jower lateral bracing, : as mentioned by the author in a3 XX. 


t a In speaking of the riveting of work punched to full size, the andi 


rivet holes. In this connection the writer would state that it is a well- 
known fact among inspectors: that less | loose rivets are encountered in - 
work punched to full size than in reamed or drilled work. fs This m: may 
be explained by the fact that the looseness of rivets driven through 
an irregular hole is much more difficult to detect than loose rivets 
driven through a perfect, cylindrical and smooth hole, as the crooked 
rivet naturally gives much greater friction to the irregular su 
_ This is another good reason which speaks for the sub- punching © 
: al reaming or drilling in main members of structural work; whereas, a 
punching: to full” size, when carefully done, will, the writer’ 
suffice for work ‘and for members of secondary import- 
~The fall value and reaming rivet holes in prefer- 
“ence to punching to full size is somewhat impaired by the fact that 
_ the adjoining plates in long members 1 may not come in tight contact 
with each other at the rivet holes. It is not seldom found that these ee 
‘voids are wide enough to allow the blade of a pocket-knife to pass be- = 
_ tween the plates close to the rivet. These voids are caused by the be 2 
‘drilling. When the tool has passed through one plate and commences 
to] pierce the other, the two plates spread enough to permit the steel a 
shavings to locate between the plates around the rivet to a distance of a 
3 ins. from its center. The removal of such shavingsisavery simple _ 
matter, which would hardly necessitate the loosening of the bolts, an 7 
which should be done in order to deri ive the full benefit of thevnens b 


the various designs so discussed by the author, 


= the exception of a mall: portion o of the line, occupies — 
property, it is hardly probable that any ~ restrictions would have | 


without doubt, economy in maintenance 
_ during operation have been considered of more importance than an 


The extra cost of corrugated floor above that of aw rooden 


system of vulcanized timber is justified by the e following a advan- 
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{DENCE ON ELEV ATED RATEROADE: 


= Mr. Mogensen. First. —When properly designed it will last as long as the main 2 

ond.—As a lateral system it will increase the rigidity | of = 


structure materially, and thus iteiee the place of the angen lateral sys 


Third. —In case of fire from any of the buildings, decir: 
tion to the structure and interruption of the traffic might be avoided, 
aa Fourth.—Cost of maintenance and inspection is considerably lower 

A than that of a wooden floor system so heavily loaded. = 


—_ 


_ Fifth.—Fifteen, thirty or forty-five years hence, yellow pine or 
-., equally good timber may not be had for the market price quoted to- — A 


h above 


7 hich would necessitate a spacing of 1 ft. 2 ins. center to 


center ofthe longitudinal girders, 


a The first cost of such a floor stands a as about at Silo per | linear foot ks) 


“system, ‘based on the price of $38 per r 1000 ft. B. M. for vulcanized 
: timber in pane. 4 as quoted by the author. This would mean an extra 


quoted as $32 65 per li linear foot of line for ‘Design 
If the life of the vulcanized timber be put at fifteen years, these 


= 


a for a wooden floor system would amount to the same as the entire cost Se 


of the steel floor, disregarding the greater cost for inspection and — | 


= _ maintenance of the wooden floor system. It may be said that the steel 


vw © 


floor directly supporting the rail would cause greater vibrations, — 


f noise and wear upon the structure than the wooden floor system. 2 a 


_ But has not the experience of recent years demonstrated the superiority — 
Be the steel floor system over the wooden floor system, which needs — 
_ constant attention after a service of four to five y¢ years, which attention - 
u. M. Hatt, Soc. C. —The author’ 8 for 


that most of the Portlands will not pass ‘this 
oe they are equal or superior to the best domestic makes. ss 


posed. chipping, cargoes of fine cement to mest 
requirements. The specification for tensile strength appears to 
— maximum as well asa minimum limit. The minimum in all cases is © 
very low. Most specifications give only the minimum tensile strength, — 
which, for briquettes treated as ‘is ‘now usually 
een the figures following, viz. 


a - figures show that in less than twenty-seven years the money expended | 


is especially dangerous on an electric elevated railroad, operated by 


| 
q 
— 
— 
a 
| 
| 
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DENCE ON ELEV ATED ‘RAILROADS. 
Pare cement -day briquettes, between 400 and 500 Tbe 
It has been considered not detrimental to a cement toshow a higher 
tensile strength for short-time tests than any c of the maxima , given in 
¥ the author’s specifications, unless it was shown to recede later in 
. strength. It is, therefore, not clear to the writer why they are given. _ 
‘Inno part of these specifications is the temperature of air or water _ 
mentioned. i The temperature of both, however, is an | important f factor 7 
in the time of setting, and also in all other tests. Therefore | the — 
writer believes that the temperature of water for mixing should be ac-_ 
-curately specified, and the temperature of air in the testing room ap- _ 
C. Ostrup, Assoc. M. Am. Soc. C. E.—In comparing the merits mr. Ostrup. 
” the many excellent designs presented in the paper, the writer will 
_ confine himself to those of Design 1, Fig. 12, and to Design 10, Fig. 7 
: ah _ Some of the more important advantages in Design 1 are found in 
“the fact that the short transverse girder for each track and - 
—- and column are . made i in one piece in the shop, , and that the 


plate through these parts is practically continuous; its cheap- 
ness, costing about $11 200 less per mile; its greater rigidity and - 
facility of manufacture and erection. For these reasons this design © 
Was adopted for the Ni orthwestern Elevated Railroad, but over this d de- - 
sign, Design 10 has, i in the writer’s Opinion, one material advantage. pe Ite 
will be seen in Fig. 9 that the short transverse girder projects 33 ins. Pieran « 
_ which, with the additional amount of projection caused by the rivet =_— 
q as heads, is increased to about 4 ins., above the plane of the longitudinal — 
girders. 7 This feature is « eliminated in Design 10, which would be a 
- material advantage when placing the floor system or track work on | 
. ae For various reasons, which are immaterial to this discussion, it is 
ag _ intended on all curves of the N Northwestern Elevated Railroad and the 
. “s Union Elevated Railroad to use beveled ties spaced 15 ins. center to _ 
a center, and to place them radially to the curves. Local conditions _ 
\ _ have in most cases rendered it impossible to place the bents or trans- a 
ae: verse girders radially, and their direction is therefore at variance with 
Bs. that intended for the cross-ties. . Consequently, it will be necessary to 
change the direction of all ties in a to the c cross-girders, or to 


supposing that all the cross- girders could be located the 
width of their top chord would, of necessity caused _ local —- 
tions, vary from 10 to 14 As the ties are 8 ins 
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CORRESPONDENCE ON 
rup. spaced 15 i ins. center to center, this leaves a clear space of 7 ins, be- a 
tween two adjacent cross-ties. This space of 7 ins. would be any: a 
= from 10 to 14 ins. at every bent, and produce an irregularity “ 
th In regard tc to the merits of the braced towers, the | author seems ae 
have shown some “unnecessary y modesty i in not describing their great 
and undisputed advantages more fully. — On all elevated roads the | 
expansion pockets are generally spaced ‘about 150 ft. apart, with a 
clear opening in the pocket of from 2 to 4 ins., according to design 
and accuracy ‘in the triangulation work, and, therefore, a structure of 
this kind forms a series of independent sections, each 150 ft. in length. 
The chief object in view, when designing every detail of an elevated 
‘railroad expected to pay interest on its invested capital, should be * 
rapid transportation. With the utmost universal use of electric power — 
for the , competing surface « cars, its financial life « depends almost solely — 
aa upon this point. _ Therefore, it is necessary to propel a train over — 
= this non-continuous structure at a rate of say 40 miles an hour, and 
_ to start and to stop the train as quickly as the traction will permit. — 
this causes a great amount of vibration . The idea of = 
checking this vibration, which is greatly to the rigidity 
8s well as to the life of the structure, seems to have been almost eal 


pretate is ‘the fact that these braced towers reduce toa a onsiderable 


camp M. Am. Boe. In the author's study of 


the points of discussion himself by presenting « some fourteen different oF 
designs and arrangements of structures, with comments thereon. As 

® te the specifications and designs necessary for the construction of such 5 
when certain -Tequirements are fixed and conditions de- 


that line. The author seems to have pursued this niethod, and reached — 


out further by investigating defective features in ‘exiting structures, a 
and such endeavors to remedy defects cannot fail to improve produc-— 
_ tion, if the man who prescribes the remedy knows all about the ; 
_ The author dwells at some length on ‘the m matter of reaming. From z 
3 the engineer’s standpoint, where the nearest possible approach to per- 
fection is desired, his deductions cannot be denied. — ie 


= From the manufacturer’ s standpoint, objections will be in inverse 
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RRESPONDENCE. oN ATED RAILROADS. 


ter’s opinion is that if any built manne 


compression, has assigned to it a fixed value of working stress per "i oe 
- qquare inch, this fixed value is based upon the physical properties of 
U. solid, perfect and faultless material, and the joining together of the 7 
- gomponent parts of the member by rivets, bolts, welds, or any other 7 
- method, should be so perfect in detail that there will be no defect in 7 
the member against which it is possible to provide. > Punching acts in 
5 the nature of a force applied almost instantaneously, with power a - 
“enough to tear or shear a hole through the metal. The partthatisthus 
- disrupted i is s torn, bent, bruised and evidently damaged for at least a 7 W 
small distance around the hole, and it is evident that those parts that a 
“a are thus distorted cannot have the same effective strength per unit as 
5 the original sound piece. © Further, if part of therivet holesmatchand _ oo 
others do not, there must be an unequal straining of the particles 0 of 
‘metal in the member, even if the rivets fill the holes fairly well. ‘The 
2 writer has heard some manufacturers claim that if reaming is deemed a 
necessary, then each piece can as well be reamed separately before — 
assembling. This i is evidently wrong, as the chance for bad matching 


of holes remains the same as before reaming. g. To produce. perfect 
results, all component parts should be assembled before reaming. — 
‘The results obtained by the use of portable reamers are somewhat an 
questionable, depending to some extent on the intelligence of the 

_ workman handling the machine. The use of stationary reamers places . 


reoulis beyond question, 
‘Regarding longitudinal bracing and the vibration incident to the 


ack of it, the writer had an opportunity to observe this defect in the 
ioux City elevated road, some 6 000 ft. in length, in which there was : : 
‘RO provision whatever made for traction force, and dependence was 
4 placed only on the riveted connections between the ends of girders — 
_andcolumns. The vibration was plainly noticeable at a point 2 000 ft. ‘ 
the moving train. What effect this Patra on the 


oP “any ae of time from the action of the elements has been the sdhlees: 
of considerable talk, with butsmall results. The custom of oiling metal 
a -atshops or mills produces no 0 good results, further than protection from 
ust during man manufacture and transportation. _ Oil is a poor foundation — 
a which to spread the paint. The protective element in paint is the 
_- Pigment, and the oil the medium by which it is applied. Therefore, ie 
: ot anything is put on the metal at shops 0 or mills, it should be the best : 
re e author takes occasion to mention the frequent practice of some 
1s bidders of attempting to throw discredit onthe plans and specifications _ . 
of the consulting engineer. The writer ventured the opinion that he 
ibe knows all the disease is qualified to prescribe | the remedy. 
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B84 ON ELEVATED RAILRO 


While the has the case in question, he has 


_ tered another kind of disease. This ‘malady often gets a grip on engi- 
‘neers and proprietors of some manufacturing concerns, and they 
a determine that the consulting engineer does not know what his em 
_ ployers want, but that they do. _ Therefore they attempt to ignorethe 
- engineer’s designs by submitting ‘“‘ much superior ” ones of their orn 
special make. Such designs are generally made to conform to their 
individual shop practice and the most economical shapes rolled by their 
- own mill, and the only object in view is cheapening the product to the 
_ manufacturer, and obtaining contracts with more profit than if ‘thm 
D pal Frank C. Ospory, M. Am. Soc. C. E.—The writer takes wheal in 
_* heartily indorsing the paper, asa whole, but would like to call attention = 
toa few points mentioned by the author, with the idea of emphasizing 
them. The first of these is the requirement in regard to providing ‘ ade- 
quate means of transmitting the thrust of braked trains from longitudinal 
girders to columns without overstraining the cross-girders,” and the 
proportioning of columns to “ provide sufficient strength to resist direct _ 
load, bending from longitudinal thrust, hending from transverse thrust oe 
on curves bending from centrifugal loads.” These features of design 
_ have frequently been lost sight of entirely, and their importance ought : 
- be recognized fully, for the reason that the stresses requiring these _ 
-~prov isions occur at every passage of a train. It should be borne in 


the earth, ‘and proper provision of “course, to be | made for ite 


for elevated railroads, it seems that thew requirements are, if 
anything, e even more important than for ordinary steam railroad bridges, 
for the reason that trains are much more frequent, and they are being 
constantly stopped and started at stations which are comparatively — 
_ short distances apart, making the punishment to which an elevated | 


railway i is s subjected much much more severe than that of an ordinary rail KS 
‘The writer agrees with the author in the preference for medium ~ 
_ steel with sub-punching and reaming over soft steel without the ream- — a 
ing. _ A gain is effected on account of the greater strength of the | 
medium steel, and the reaming is certainly : advisable, as it removes the — 
injured metal in the immediate vicinity of the hole and makes a bet a 
job from a workmanship standpoint. Objections to reaming and 
drilling appear to come principally from manufacturers’ operating 4 
small plants without facilities for doing this kind of work. Bre q 
= - manufacturers, however, a although fully equipped to do the he work, & 
in the habit of bidding on work for which reaming is specified oe x 
_ _ then doing their utmost to have the reaming waived, solely wi with the = 
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view as increasing their profit. xp practice of a number of manu- Mr. Osborn, 
facturers of always endeavoring to have modifications and changes 


- made in plans and specifications and solely with the idea of diminish- = 


S ing the cost of the work to themselves, without any any advantages what- 
= to the purchaser, is one hardly to be recommended. £ This policy z 
ins number of cases known to the writer, has led to the ‘ee of 


section of gravity oom is probably as common as any. The = 
“excuse for it ordinarily is the saving of a very small ‘amount of a 
=e The writer fully agrees with the author regarding the attachment 
of eross-girders to columns. This connection should be as rigid as_ 
practicable, and this can best be accomplished by running the column 
upto the top of the cross-girder and riveting the two to ether thor- 
I “gir ge 
j ag It is the opinion of the writer that what is saan as carbon primer rs 
is superior to linseed oil for a first coat for structural iron or steel. 
Ee is thin, flows readily, and unites firmly to the metal. It dries hard — a 
; * and does not give the greasy surface to metal that linseed oil does. eo 1 us 
- It makes a finish to the metal surface that permits the laying « out 7 : 


work as readily as upon the 1 raw material. The carbon primer should 


‘that engineers gave serious , attention to this point. 7 For the rope weal 
3 . structure, architectural appearance is not particularly import- | 
ant, as but few people have occasion to view it. For city or suburban _ 
: bridges, however, and particularly for elevated railways, the question a: 
- appearance isa live one and well worth careful study and considera- 
tion by engineers. : An engineer as well as an architect owes it to the 
pa public to givea structure e satisfactory not only froma utilitarian 
standpoint, but from an artistic standpoint: also. This artistic effect 
18 not necessarily obtained by ornamentation, | in fact 


to the ¢ eye on of its ‘natural grace and apparent adapt- 
i _ ability to the purpose for which designed. Engineers, as a rule, give 
little attention to the architectural effect of their structures,and 
will doubtless concede that the ‘author has made a distinct and 
one satisfactory advance over what has heretofore deen done in this direc- : 


by American, engineer 
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at, Wat, ARTHUR M. Am. Soc. E. 


‘ ordinary steam vente. The conditions are different in the case ofrapid _ 

_ transit lines in city streets, whether t the motive power be electricity or 

steam, but the traffic is no less constant than in case of the heavier 

structures. To one who has had to do with the construction and 
maintenance of these viaducts, several facts are very apparent: as 

a Fi irst. —The service is extremely severe, especially on those vi 


a forming to important trunk line terminals. 


—The foundations require most caref 


or less extensive ie nee before the superstructure develops any weak- 
‘The w writer therefore holast that minimum first cost i is not necessarily 
r synonymous with true economy, and that the use of medium steel with 2 
high unit stresses, thereby reducing weight und increasing deflections, 
is a move in the wrong direction. The writer believes from a careful 
_ eration of the behavior of many viaducts in actual service that — 
= most durable and ‘satisfactory are those very heavy structures” 
a solid through floors and stone-ballasted roadways. While this 
= style of construction is probably not available for a rapid- 
transit elevated railway built in the streets of a city, the engineer — 
can at least use comparatively low unit stresses, thereby reducing 
-— deflections to a minimum and providing additional mass to absorb the © 
impact of the moving load. If low unit stresses are used, there remains 
: imperative reason for using medium steel, as the ultimate strength 
_ and elastic limit of the material are no longer in question; and if soft s 


steel is used, the writer sees no reason for a general reaming specifi 
- _ tion as his experience shows conclusively that there are several bridge — 
. 4 shops in the country which can turn out punched work with an 
accuracy leaving but little room for criticism. = = 


‘The: author's figures | are very but the writer i is by m no 


7 ~~ ‘4 ment for a four-track viaduct. — The reason for this lack of faith is in 
: what has been previously said about the uncertainty of foundations 
under viaduct columns. ‘Asa a case in ‘Point the following is 


_ Foundation beds, good, compact gravel. course of masonry, 

concrete 11 ft. square, 3 ft. thick. — Baleneo: of foundation, heavy, un-— a 

dressed ashlar in regular ‘courses. i Caps, sandstone, 42 ins. square, 0 


ins. thick, four 1r anchor bolts i in each foundation. ” Maximum load, 250 


eo > Be o,. in the case of equally well designed work of other types on other parts 
Third 
ul treatment in design 
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‘CORRESPONDENCE ON ELEVATED "RAILROADS. 


tons, ™ which about 140 tons is live load. Pressure on foundation Mr. ri 7 
¥ About 100 of these foundations were built, all of substantially the 
same character, the beds being apparently of the same good material q 


throughout. After five years’ serv 60% of these foundations showed 


8 nts va the re nder almost all 7 


poy rere testimony could be furnished if necessary, but the tenor i 
‘ of it would not differ from the preceding. The writer therefore be- a 
fe -lieves that having determined upon a satisfactory span-length, it is good 
__ practice to reduce the number of column foundations | to a minimum, 
using not more than two in a bent, unless other conditions require a 
moditication of this arrangement. This reduces to a minimum 
pumber of points liable to settlement, and the distortion 
2 of the structure becomes a less ‘serious: question. The liability to 
settlement of foundations leads the writer to believe also that where- a 
ever physical conditions will permit, it is better practice to designthe _ 
structure with the longitudinal girders carried on the upper flanges of 
t » cross-girders, rather than riveted to the webs of the latter. In a 7 
case of unequal settlement of adjacent bents, the » latter detail ail would vss 
involve severe and possibly destructive strains in the header connec- 
iy tions; while but small harm would be done if the track girders call 5 
simply seated on top of the cross-girders.§ 
‘The author believes: that a shop coat of b boiled lin linseed oil on finishea 
2 members. is all that is “required before erection, and this is also the | : 
% present practice of the Pennsylvania Railroad Company. Some recent ; 
ips _ developments in connection with the bridge work of this company 
led ‘the writer to believe that this pesstion’ is not good. An order if. 


i oil coat was and the riveting was fully up to the high | standard 

_ of the shop which furnished the girders. After the delivery of the 
orate and during the erection, the railroad ‘company ’s men discov ered a7 
that far too large a percentage of the rivets were loose, and this led to Be: 
4 careful investigation with experimental } pieces which were riveted up iS 


veloped that rivets which were tight before oiling could i in most cases — ie 
a be readily loosened with hammer after the oil had 


the friction of the rivet heads like any aan lubricant. The et 
9 pieces were then cut through the center lines of the rivets and showed 
that the upsetting had been practically perfect. The experiments 


_ therefore seemed to show that while “many of the rivets would hav e- 


_ been condemned by an inspection after the oil was applied, the situa- is 
not have been improved by cutting out and replacing t these 
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the writer's judgment the above facts are a possibl e 
of the comparatively large number of loose rivets which 
a occasionally appear in certain girder spans that give no indication 
_ poor work during the shop inspection. If the girders were placed in 
a service while the oil was still fresh, they were subjected to reerpiascsot | 
- tially the same conditions as were the experimental pieces which were pave 
tested after oiling. In the writer's | opinion it is better to give the 
_ finished pieces a heavy priming coat of some approved paint in the ae: 


thanto use linseed oilalone 


~ 4 7 Boller. A. P. Bouzer, M. Am. Soc. C. E.—In discussing a paper like the 
author’ elaborate examination of the problems involved in the 
- struction of elevated railroads, it is impossible within reasonable 
- limits to comment on all the points he takes up. 5 In his coon 
condemnation of all past efforts in this direction, he seems to have 
forgotten al all modern work is a development of the the past, and his own | 
_ excellent work would not have been | possible except for the labors of — 
_ those before him. 4 In the early days of such roads, the science of con- 
_ structive engineéring was only taking shape in this country. The 
problems involved, as they are now seen, are not complicated, unless: 
4 one chooses: to them so. The construction is simply a 


Bperecccay as to span and support, according to the local requirements - 
_ of any given case, and an economical balancing of spans and supports — 
as near as it is practicable to do so, subordinate to the necessities 5 

street traffic. The constructive details necessitated thereby y area 
= of the individual taste of the designer, so long as they rid 
_ controlled by principles of statics and the laws of the strength of 
materials us used, coupled with a full knowledge of shop methods 


structures are not subject: to any any architectural treatment 


= even at the expense ¢ of a little more material. 
straight-away w work, he has always: thought the type of the Third 
7” Avenue line in New York City, of course detailed with modern ideas, 
Sn was about the best for a wide avenue, where posts could be put in ~ 
_ the avenue, being the least obtrusive. For a narrow street, or where — 
otherwise required, of course there i is nothing left but to put col columns ra 
inside the curb line and girder a across the street. of? Ge oe 4 
cs _ As to pedestals he believes monoliths of well- made concrete are the 
best, and that the specifications for cement in the paper are eminently 
ensible, and calculated to produce good results. ‘He is prejudiced 
— - possibly i in favoring natural stone for cap stones, although the author — 
seems to have obtained satisfactory results with artificial granolithic 
stone. The author lays great stress on his manner of bolting his 
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: CORRESPONDENCE oN ELEV ATED RATLROADS. 
lumn to the pedestal, but in an ordinary standard Mr. Boller. 

js the e weight of a comparatively small volume of material above the mo, 

gachor washers, and were there any where near - the strain on the 
 polts he imagines, it would have told long since on some of the fa 

pedestals of the New York and Brooklyn roads. This idea of pull on © a : 
the bolts he has derived from an assumption — that 20% of the live y a 
Toad between adjacent expansion points acts as horizontal 

thrust. So far as the writer knows there are no exact data on this sub- 
ind ject, but he does not believe it is anywhere near that figure. The 5, 

7 rails, guards, etc., are continuous, and distribute what thrust there is 7 
ae over a& long distance. The author would ignore this part of 
‘ structure as a distributing factor, and go to much trouble and e3 ex- 

_ pense to make the structure entirely independent of it. The rails and — ee 
ard exist, and will do their distributing work, whatever it is, and itt 
why ignore tl them? Many years ago, when the original ——— 

- Street line in New York was running, this question came up, ,and = 4 

the late Milton Courtwright, M. Am. Soc. C. E., made some experi- — “he 

ments as to the effect of braking trains on this, the flimsiest, structure _ 
ever built for elevated railway purposes. The writer does not 


that these experiments were ever recorded, and doubts if they were 
= made with any scientific refinement, but he remembers Mr. Court aul 
com wright telling him that whatever horizontal thrust the brakes pro- a, 
y: a duced was so small that it was a matter of no moment, and demanded i Fi 
Growing: out of this fear of horizonal thrust, the author evolved 
a column of heavy cross-section necessitating some complication 
detail. His column is a good one, of course, but from magnified 
_ sumptions of stress, he has magnified his column beyond necessary = 
‘Tequirements. The writer likes his idea of running the columns past 
‘ the ends of the cross-girders, instead of simply resting the g girders 
& top of the columns, when posts are on sidewalks, also throwing in ee 


ae solid plate-girder corner brackets. ‘These add much to general stiff- re - 


strut between longitudinal girders and column head, as 
ness, ,and such structures cannot be too stiff. 


ee The author calls attention to rust conditions around the foot of 
e _ planted columns, but just how this is to be avoided it is difficult to 


see. To carry up the capstone above the street surface sufficiently to iL) * 
a: remove the column é above moisture is impractical able in most cases, o1 on 
es account of creating too much obstruction in the streets. His idea o of 

be filling the boxed space around the column foot with concrete 
Smounts to little as a protection, as no concrete ever made is im- 


"between concrete so placed and the detail of the metalwork. Pre- 
the only thing that can done is, before to plaster 
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Mr. Boller. tar is only less permeable to ‘moisture than the concrete. This 

“* is a serious one for all such | constructions, a and the w writer knows of no 

7 way of getting rid of the difficulty. The nearest approach to protec- 

_ tion is the column planted in a cnt -iron pocket, the neck of the cast- 
ing rising some inches above the plane of the roadway or sidewalk, et 
the voids between columns and casting being well grouted with 

cement. The greater part of the New York elevated construc- 
tion is of this character, but coupled with ‘this form of construction 

“4 is the difficulty or impossibility of getting solid contact between the 
end and hows bottom of the cast which cannot be faced. 


q 
“post foot with the best attainable: primer, which will not corrode undef 3 
moisture, and then asphalting with a good natural asphalt. In the 

darkness and under moisture the volatile oils in such asphalt will = 
™ probably hold for an indefinite time. Asphalted rails in the tunnel of - 
the Fourth . Avenue improvement have lasted well; the same asphalt x i 
“ exposed to sunshine soon becomes powdery and useless. pony = 
As to the use of medium steel or soft steel, the writer is an advocate ¥ 
ot the former as being perfectly reliable, of higher value and strain- ; 
to a higher unit. There is a tendency toward the use > of soft 


is chandent, and ease of manipulation in the shop it cheaper 
_ towork. The engineer is impressed with the arguments of the manu- 

; _ facturer that he is using a safer steel, and one that will better with- * 
a a stand shock. . This i is all from mercantile interest, for can any steel 

subject to higher shocks” than rails, connecting ‘rods, driving 
- Be, etc., all of steel of very much higher carbon than any con- 

templated for constructive very hardness of which gives 

it value against deformations. Steel must be treated and menigulatel 4 
ss aeeording to its quality and grade, and the n nearer it approaches — 


” ~ homogeneous iron, which so-called soft steel really is, the less ex- 
pensive is it to work, and the more desirable forthe shop. 
_ The author is quite right in all he says about reaming. . All first- 
: riveted work should be reamed, if only for the purpose of truly — 
holes, a1 and perfect work can be attained only by reaming 
through all the parts assembled 


~~ and secondary connections, but all direct connections, such « as 
webs and flanges, should be reamed in any sort of steel adopted. 
} Metal below to in. in thickness may be sub-punched and reamed; 
a that thickness, it should be drilled from the solid. a 
As to the choice between basic and acid steel, in these « days there is ‘i 


4 

— 
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connection should be designed so that the rivet holes are inaccessible. 
= 
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steel should be used as is consistent with toughness 
e For this purpose acid steel, made as it is from the best quality | a = 5 : 
original stock, is the safest and best touse. 
_ ‘The author lays none too great stress on painting, but it does seem = 2A a 
almost ly to have ‘this well done, the vital pri- 


= and manipulation, | and ae oil as remained would interfere with 
the primer getting in immediate contact with the metal. _ ‘The best = 
attainable primer should be employed, and it should be properly put ag 
on under cover, and dry before shipment. Most work is painted out- 
ie with extreme carelessness and shipped fresh, and between the 


each other, it reaches its destination in a condition no properly = 

. As good priming is the essence of pro- a 

metal rust, engineers should exercise more care in the 
‘material they use, and see that it is properly put on under proper ‘<a 
” conditions. If economy is the order of | the day, let it be exercised | on : 


: 7 the outer coatings. Manufacturers are not wholly to blame for sloppy 
2 _ shop painting, as time for completion of work is usually set at $ 
. such a date that the strain to meet time expectations is intense, to Be 


meet which work must be e shipped almo almost a as SOOD as s the last rivet is a, 


oi "principle. . No work ought to be crowded quicker than it ¢ can be (oe % 
e rightly, and engineers, in so far as they can control, should see to it “ 
that the time exacted can be properly met. 
The author’s account of his letting, at which certain manufacturers ie 
endered on other conditions than those asked | for by the sp specifica- : 
_ tions gives an exhibition of practices entirely too common. In public — 
_ works, the law compels the throwing out vain such tenders as irregular, 
, and it ought to be done in private lettings. It is eminently unfair to — 
other bidders, : derogatory to the right relation between pass engi- 


a uae asked to tender under a certain specification, to ignore the re- — 
quirements of the same, by bidding on a basis that better suits his 
a _ own shop facilities, hoping to go over the engineer’ s head by attract- ad 
_ ing the buyer with a lower price. . No self-respecting engineer should 
Feel one such an effort to succeed, and it is refreshing to see that the 
_ author stamped it out in his case. In making these remarks the 
‘Writer does not wish to be understood as ihe knowledge and 


391 — 
iter enough difference between them to warrant a preference, except Mr. Boller. 
no perhaps for eye-bars, where acid steel is the best, for the reason that a 
the annealing of such bars causes such a drop in tensile strength from 
uc. 
im 
he 
would be gained by oiling material in the rolling mull, as the author 
—— 
4 
— 
— 
— 
— 
— 
— 
— 


CORRESPONDENCE ON BLEVATED RAILROADS. 
oo Boller, experiences of the shops, for much of the marvelous a advance in con- at 
ss structive engineering is due to them, fully as much, if not more, than 


Wise ¢ engineer will familiarize himself with shop facilities and ex- aa 
periences in details and methods of construction, which every ~ ie 
accumulates in the course of a business career in contact with many — i 
minds, out of which he will edit, as it were, the best practice for . 


his | > own pe particular work. The writer has not much respect for the 


has be been contributed by the purely professional brethren. But ee 


‘ane industry that became crystallized i in such an elevated parte: ies 
as he wanted to build. In the face of this, to have a contractor =a: 
to bid upon that construction of f road come forward and turn ‘the 
 engineer’s: plans down, endeavoring to substitute some of his ow n, for 
_ purely commercial reasons, advanced under cover of more or less — 
= ~ technical speciousness, was a very high-handed proceeding. It is cer- 8 

tainly a satisfaction to know that the parties fell into the pit which ee 

- they dug for others. In this connection the writer wishes to remark oak 
- after a work is awarded, it is perfectly proper to favor the a 
successful shop by such modification of details: as may best suit the ae 
special facilities and conveniences of that shop, without sacrificing ee: 
any general principles. An arbitrary adherence to a notion is not se 5 
business or sensible engineering. 
The author concludes his paper with some remarks on the esthetics on, 


of designing, with an architecturally treated road as he would like to 
a. build one. It is sincerely hoped he will not have the opportunity, te 
struct decoration but decorate ” can be violated, it has 
been certainly in the design submitted. ‘There is 
homely old expression, that ‘‘ you cannot make a silk purse out of a Rts 
sow’s ear,” which fits here, for you cannot make an architectural at 
(esthetic) structure out of an ‘elevated railroad, despite false arches, 
4 foliated column caps, or gargoyles on the ends of the brackets. 


Mr. Stuart, A. A. Srvart, M. Am. Soc. C. E.—While the writer desires to go os 


- The initial statement that methods heretofore employed i in designing ae ro 
_ structures for elevated railways are radically wrong is rather too sweep- “a 
a ing to be sustained by facts, nor is it justified by a careful a 

tion of Ge one presented by the author, since they do not differ 


fs 


4 a “4 on record as approving most of the conclusions reached by the author 
a ’ . in evolving th the various details of construction described in the paper, <4 
yet there are some statements made and details employed which he Be 
& fe feels are neither founded upon facts nor sustained by experience. Ba 


— 
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q sciousness, oblivious of the many bright minds that have added to 
= ep ‘9... the wealth of experience and possibilities. The author has shown _ 
a great familiaritv with the bes hop practices and modern ideas of 
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— 
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in elements from recent designs in 
- where the limiting conditions were at all similar. There are differences rs 
rf in some of the details, but the relative merits of these are the rel 
ee for debate rather than the hasty judgment that any one is superior 7 
= all others. Such differences doubtless will always exist, and can well — % 
so without ‘subjecting a any particular | one to the « charge of being 
radically wrong. The structure in Chicago chiefly treated by the 
- author, being located on property owned or controlled by the railway : 
© send made it possible to employ the braced-tower construction, — 
which has never been. applicable to the structures in either New York 
or Brooklyn, because they are located wholly in public streets. This _ 
feature constitutes the only radical difference between the author’s 
design and the design | of ‘the structures built i in New York o1 or  Brook- bes 


Z does not warrant the ‘statement 0 or belief that their design i is gree a 
gate the desirability of all rivet holes precisely concentric 

in bmembers to | be “united, there can be 1 no question raised, but the 


author would be justified. The use of riveted work in this country 
has been very extensive and covers a long period, but so far as the — 
_ writer has been enabled to learn, the present methods of manufacture _ 


employed by the best shops have given satisfactory results on eel 
Jarge variation in service; hence any change in those methods involv- 
ing so much additional expense does not appear to be warranted. 
Fak In the matter of Portland cement, the author's specifications — are 
gravely inconsistent in that he exacts the best possible quality 


tainable, while in the n next ; paragraph a physical requirement is stated __ 


would be entailed in securing this the method by =... 


: _ which the poorest cement in the market would fully satisfy. Indeed _ 
the wide latitude permitted in the tensile strength is of itself gen- 
erally regarded | as ‘unfailing evidence of poor quality. T ‘The writer 


serve in a small degree to eliminate such inconsistencies or ambig- 
uous expressions from specifications, believing that they are the pe 
most fruitful source of contentions and disputes 
a “Ske to the track system presented by the author, it is pete a 
eal with that used on the older roads in New York and Brooklyn, 
_ which has been much modified as a result of long experience on those 
roads. The writer has never been able to conceive of any adequate 
Teason for using inner guard rails on straight track, but, on the other 
_ hand, will state what he believes to be several rational ones for omit- 
| ting them. While it is possible for a derailment to occur on an unob- — 
structed piece of railway track, it is a remote 
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an occurrence. This fact alone would seem to deny the utility of these = 
guards in averting calamity, the only purpose for which they are em- 

) ployed. Should a derailment occur, the question arises whether the 
outer guard rail does not offer ample security, if left to act alone, in 


be preventing a truck from leaving the structure. 


_ This is certainly true if the four guard rails are spaced, as in the Par 
_ author’s design, so as to require each to act independently instead of 7 
7 . pairs. If inner guards are used at all, they should be so spaced that 
opposite wheels of a derailed truck would encounter an inner guard 
and the opposite | outer one at the same instant, and “neither guard 
‘should be laid so near the track rail as to prevent a derailed shake 
from dropping into the space, except, of course, on curves. If the en 
a inner guards are never called upon to perform any service, then their = 
7 a. use is not justified, , and they should be omitted for the reason that RY 
- _ they add additional perishable material to be removed, and otherwise — 
increase the cost of track maintenance by shutting out air and sun- es 
light from the ties, thus hastening their decay, and they add much 4 
difficulty in making repairs to track rails and ties. Itisa matter of : 
much surprise to see the use of short hook bolts revived by the au author, oe. 
- view of the evident advantages possessed by the long hook bolt, — 
- = engages the flange of girder, tie and outer guard rail in one 


~ Referring to the use of treated timber in the track system, the au- 


thor’s conclusions, not being based upon facts developed by experience, © ” q 

are very misleading. It is not true that yellow pine or any other — 

a _ timber used for structural purposes becomes unfit for further service ak 
hy after 7} years’ use in elevated 1 railway tracks, or even in surface tracks. 

a _ Avery large percentage of the timber laid in elevated railway tracks 

2 or 15 years ago is still in service, and will so remain a number of 

The writer believes it to be a safe assertion that its average 


“means, assuming that reasonable care ‘and judgment | are employed 
ites selection. The largest 1 number of renewals made within the first 10 


or 12 years are rendered necessary by mechanical agents and not 
e - chemical ones. While it is true that the cost of labor for renewing a 
_ single tie averages about $1, it is not a fact that the largest percentage — e 
. he timber would be renewed in this way, but in 1 continuous sections, q 
'y where the circumstances would reduce the cost of labor to a sum not 
much in excess of that required for laying new track. These facts — 
_ would materially alter the author’s conclusions if incorporated in his = 
computations to ascertain the relative merits of treated and untreated — 
From a theoretical standpoint, author’ 8 criticism of the neglect 
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to proportion all for is justified, but ‘Mi. 
the writer has satisfied himself by careful observation that the as- er 
Er usually made as to the magnitude of stresses which ae : 
 golumns will be called upon to resist are very much in error, else few or 
none of the structures in New York or Brooklyn would be standing at ; 
the present time. These structures themselves afford the best end 
most reliable evidence of their ability to resist safely both longitudinal | 
and transverse stresses which are brought into the columns, andacareful 
_ observation of their behavior u under conditions producing maximum ~ 
stresses will fail to disclose any evidence whatever that they are ex- 
_ -cessively strained. The writer has seen and very carefully noted the eo 
eonditions where the transverse girders were cut entirely loose from } 
‘the columns over a distance of nearly @ quarter of a mile, the structure 


ry being supported tempor arily on 15-i “in. . square timbers clamped to the 


evidence of a very character that the customary 
— relative to lateral stresses in such structures are not sub- 
stantiated by facts, and it is believed that much metal has been wasted 


The cement finish by thes ‘author to cap the concrete founda- 


tions has given very satisfactory results on Brooklyn roads during ai os 
the past four years, but the writer does not believe that a mixture of ~ 
one part cement to three parts: of crushed granite, as described by the 
bs author, will give satisfaction, either in the matter of finish or durability, nhs 
‘since it is too porous to admit of good troweling and prevent disin- 
; "tegration by frost. Indeed, this mixture is no richer in cement than the 
7 (Mipete used in the body of the work below the frost line, where it is 
_-protected from abrasion and the unit. pressure is very much less than 


immediately underthe columns. 


in providing for es which appear to exist only in the — 


i Aupert A. Trocon, M. Am. Soc. ©. E.—The author says that y Mr. Trocon. 

“there is no bridge shop in existence which can turn out truly first-— ¥ es 

class work without sub-punching and reaming or drilling. ‘in The 

_ Writer thinks there are a , great many shops that can do so, or =e 

_ that all of them worthy of the name can, if the proper care is taken. D: 

~The care required to do this is much less trouble than that caused 3 

mI by having to sub-punch and ream. The writer knows that in the shop 2 7 
as with which he is connected, the punching i is usually done so accurately 

_ that very little or practically no drifting is required. When the holes 
fel did not match, it was generally found to be the fault of the laying off, 


* See Transactions, Vol. xxxii, P. 363. 
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Mr. Trocon. and in these cones w reaming would have been of no evil, as the holes : 
ere too fer apart to be remedied i in that manner. 


pletely when the latter are punched only, and they are left of slightly — 
varying diameters, seems to the writer erroneous, especially where the 
; - rivets are machine driven, which is the universal method in bridge and o ; 
‘Structural | work, except in the few places w where they cannot be reached 4 
7 by a riveter. a He has quite often seen specimens of riveted work, with | 
holes punched only and not reamed, sawed through the center of the © 
_ rivets, where they so completely filled the holes that it was difficult to — 
_ distinguish the lines separating the rivets from the balance of the = 
4 terial. Some of these specimens contained five or six plates. riveted 
4 together. The writer thinks that most manufacturers will concur in 
his views. If it is the case, then, that holes can be made to match so — 
1 perfectly by punching without reaming that there will be no trouble 
in making the rivets enter into their places, what is the use of requir- : 
ing manufacturers to sub- punch and ream (w hen punching alone 
- not injure the material), thereby causing an extra expense of from 0. . 
to 0.25 cent per pound? The writer thinks it good practice to ream 
q holes for field connections, as this facilitates erection, but not other- : 
4 wise, unless in steel so hard that there is danger of cracking the mate- ‘ 
vial in punching. _ He is not so sure, however, that this is required, — 
even for medium steel, and certainly not wee? soft steel. The fact ot: 


goes to show that they do not think it necessary, and that 
can do good work without it, as they otherwise would certainly rather a 
ream their work and get paid extra for it than punch it unevenly and 
‘reaming, and for which they would not be paid. 
Another p point the writer does not believe in is that “ every column 
7 Ze to be anchored so firmly to the pedestal that failure by over- 
4 - turning or rupture would not occur in the neighborhood of the foot, 
a if the bent were tested to destruction.” He does not believe in it be- — 


cause it is impossible to accomplish it without a great deal of extr 

expense, and in some cases it is impossible any way. All columns 
= should be well anchored, so well as to resist all shear coming against — oo 
their bottoms and to resist tension if there is any. He thinks it prefer- _ 
_ _ able to treat the column as free at the bottom and increase the section — , 
in figuring for bending effects of longitudinal ‘and transverse thrusts” 
9 than to treat it as fixed and attempt to build it as such. It is doubt- 
_ ful whether the cost would be any more that way, in most cases, than : 
with the anchors proposed in the paper, and the column cannot really — 

q be made continuous except by r running it down and imbedding i it in 

_ the concrete for a considerable distance, which would be very expen- 


_ ‘sive and in many cases an impossibility. id Again, there are cases where - 
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festly be a waste of money to so as them 
Barcuay Parsons, M. Am. Soc. C. E.—An elevated railroad, mr. 
- if built along a street, should be designed } primarily from the pointof — 
-yiew of the users of the street and not from the point of view of the 
Send _ A street is not a proper place for fast-running, power- 
driven railways. Such railways can be better built for their own uses" ian 
on right of way to be acquired for the purpose, and when so built can r, 
be more satisfactorily operated. If for any reasons it is necessary to - 
* use a street, and the abutting owners and the users of the street sur-_ 
face are made to suffer pro bono publico, the greatest consideration in : 
the design should be show n for their convenience. 
_ A design for an elevated railroad, apart from meeting the require- 
ments of a bridge structure, as laid down by the author in his points _ 
_F to O, under the head of designing, should conform t to the following ; 
First. —It should occupy as little of the s ‘Street, as possible. 


Third. —It “It should give the minimum obstruction to the passage of 
_ ~ Fourth. —It should be noiseless, or as near as it can be, to the | pas- a 
«Fifth. —tThe tracks should be placed preferably over the center of | 
the street and not over the sidewalks, so that the drip in wet weather a 
Ps will fall upon the tops of vehicles rather than upon pedestrians. ee 
Sixth.—The structure should be inoffensive to the 
ae _ Strict economy in the design should be the last point to be slat . 
sidered, and therefore the spacing of the girders, both longitudinally 
and laterally, should be made to conform to local requirements. Inor- 
der not to interfere with street travel, longitudinal and cross bracing ia 
_ between the columns, except at a clear height of 12 ft. above the sur- | 
- face of the street, is not possible. The ordinary heights, such as are 
to by be found in elevated 1 railroads, ena any such ‘bracing, and 


or laterally is by means of corner a ‘The author points out AY, 
carefully the necessity for both longitudinal and lateral stiffness, 
and states: that all elevated railroads as at present designed are merely 
oa examples of what. ‘not to do. Had he gone into a criticism of these 
x awful examples, he would probably have mentioned their lack of stiff- _ 
as one of their chief defects. re 
aS movement of New ¥ York elevated railroads. under passing ‘trains, 
which he did by means of a transit. Hew was to find that on 
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Mr. Parsons. curves there was no movement perceptible beyond sili This, ; 
‘es however, was not the case with respect to longitudinal movement. At 3 
=e points near stations when the approaching trains applied brakes, the 5 
_ whole ‘structure would move forward perceptibly. The instant that 
> ‘the brakes were released, although the train might still be in motion, Li 
the structure would go back beyond its original position and then Ae 
move forward beyond the vertical hair of - transit, and back again — 
= Of the various designs submitted by the author for two-track | cwaalen 
ures, the writer prefers No. 8, where the outer stringers are in line 
with the columns. The objection urged by the suthor to this design 


in regard to: the bending of girders appears t to ‘the writer t 
be slight. Unless a column can be placed directly beneath the track 
with ‘stringers balanced about it, one stringer or the other will period- — 
» than its mate. There is the advan 
tage, however, of making at least one good connection, and of being 
\ _ able to introduce longitudinal brackets, which, like portal braces, can 
take up strainormovement. 
.& a ‘The plans which the writer has prepared for the Rapid ‘Transit 
Commission of New York include two designs for elevated railroads, 
: one.a high one across what is known as Manhattan valley, 2 800 ft. in es 
‘Iength, and the other an ordinary structure. “These designs are shown 


— 

| 

| 
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; mediately. The intertrack space is to be utilized for island platforms. ae 
On account of the height, 55 ft. , the structure in side elevation has 
been divided into alternating long and short spans | with the towers = 
a rigidly braced. The design for the lower structure follows the gen- te 
eral lines of the author’s Design 8, lateral and longitudinal stiffness y. 
‘being su supplied by the curved brackets. 
io The author speaks of making elevated railroads pleasing to the = 


; sight. That is an exceedingly difficult matter, if not impossible, un- epacead* am 
less the straight lines of utilitarianism by the details of 


built-up ornamentation, as in 
the ‘esthetic the author, will tend to still more 
and injure the street, and therefore by doing harm cannot be 
beautiful. It isto be remembered that true ornamentation should 
conform to, or suggest, the purpose of the whole, and the designs pro- 
"posed by the author, while furnishing perhaps a pretty passageway to 
- aball 3 room, do not in their details, especially in the loose and fes- . 
_tooned hand rail, seem to the writer as in keeping with a railway. 
author has, however, done a good in calling attention | to the 
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Mr. Parsons. lest details are the b — is is exemplified in in the Stadtbahn in ‘Berlin, 
where the Germans, although lavishly ornate in most of the design, : 
_ were much restrained in treating the metal elevated way. The columns — 
“4 are small, so as not to take up space, and of cast or wrought iron. In tx 
_ either case the decorations are in keeping with the metal. The sup- Se 
stringers are e usually a plate and paneled 


ution and design. é The side walls a are bracketed out and so ~ 


deep shadow. The whole is pleasing to the eye. 
J. E. GREINER, M. Am. Soe. C. E. —The design of aD. 


purpose » intended, ‘and the vec selection of any y particular means 2 
a, not imply that the preference is positively the best, or that a 
_ modification or different arrangement proposed by some other indiv: rid- 
-4 ual could not be equally as good. Therefore, w! while the author has" 
fi pointed out what he considers the best cement, , paint, span n-lengths, 
_ dimensions of track rails, arrangement of wooden floor, material for 
- 4 pedestal caps, ttyte of anchors, sections for columns, style of expan- _ 
- sion joints, ete., the selections made are to be understood as only the 
= which his his judgment dictates, and not as ye yet ‘definitely settled by 
either « common concurrence or the ballot box. As this is a “matter o 
—_ 4 individual judgment and opinion, a discussion would be useless; but a 
the writer would really like to know why one coat of linseed oil, one _ 
a coat of Eureka paint, and one coat of oxide paint, , all on the same Be 


us The question raised concerning the use of the er process for 
steel of a medium grade is an important one, as it is the tendency of § 

£ mills throughout the country, at the present time, to make jast as_ : 


little acid open- -hearth steel as they can. Basic open- heath 


prefer to furnish the basic, which can be with prey ores. 4 
at. There is also a tendency at the present time among the ‘different Bs 
bridge shops, even those of the highest standing, to under-rate the _ 
~ value of reaming and drilling a medium grade of steel. . Of courseall — 


bridge ‘ast as cheaply as it can be done to the satisfaction of the buyer. E y 
can induce the buyer to avoid reaming or drilling, or r planing 
sheared edges, it can complete its work at a somewhat less cost. It ate a 
should not be censured when some of the most recent specifications _ 
= this grade of steel to be used in the most important bridge a 


‘“ structures at a higher unit heer than usual for soft steel, without Te 
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4 quality and probably not so trustworthy as the acid steel, which must 
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sc steel, if both grades are to be subjected to precisely the same apes 
treatment in the shops. If higher stresses be allowed for medium fas” ae 
steel, then something more is is required than merely an increased ulti- 
strength and an increased elastic limit, and any specifications 
which increase the unit stress for a medium steel, without at the same 
time providing for the necessary precautions to insure accurate work- 
manship and removal of incipient | cracks, 3, are taking a stand, which, 
te while probably sanctioned by the manufacturers whose interest it is to ; 
‘ _ cheapen work, should not meet with the approval of engineers who % 
 gount on every square inch of section in their structures as available 
2 material undamaged by shop manipulation. - Soft steel, that is, ‘steel 
‘ between 52 000 and 60 000 Ibs., can be treated just the same as iron up 
Ei to a certain thickness was treated. This is generally admitted. The 
metal flows easily, it is not liable to crack and will stand an immense aa 
 gmount of abuse, and if the shop punching is fairly well done and all 
: important field connections matched in the shop and reamed, , there i is = ‘ 
no doubt but that the result will be a first-class structure. 4 
_ What argument can be advanced which will justify the use of a 
harder metal at a higher unit stress than allowed for soft steel when 
? this harder material has nothing in its favor except a little — “2 
ee ultimate and a little higher elastic limit ? It is inferior in ductility, it 
is more apt to be brittle, it will not stand the same amount of drifting, . wt, : es 
bending or other abuse usually required for soft steel, and it is in- 7 \@ 
jured toa greater extent than soft steel by punching and other rough 
shop work. When using a harder st steel with a higher unit stress engi- “? 
neers should insist upon treatment workmanship w hich 
te minimize abuse, and, as the author states, there is no bridge shop in - _ 
existence which can turn out class work without 
The probability of.increased train-loads i in future, and ¢ an occa- 
sional blow from derailment, ‘and the continual vibration due to o fast 
3° speed, all have a tendency to develop flaws or defects invited by rough a 
This development may not take place to-day or to- 
e morrow, but who can say that it will not occur the day after e- Precau- 
tions token j in the interest of safety should not be “sacrificed f for or the 7 
sake of a very small fraction of a cent per pound. 
os In this connection the writer desires to state that, while at the: pres- : #3 
ent time he is using both soft and medium steel, the former teented 
same as iron nm and worked with a low unit stress, the latter reamed or 
drilled and a higher unit stress used, he believes that should he have aid 
ra occasion to renew his 1896 specifications, he would specify but one __ 
ae" Grade of steel, having 60 000 lbs. ultimate with a variation of 5 000 lbs. E>. 7 
more or less. He would use soft steel unit stresses for ordinary 
rilling or or reaming except in im- 
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"would use higher stresses, and ream or drill all and w 
4 consider that the benefit derived from the m more accurate ll 
would the increased unit stresses for the same grade 


Same,” it will be found that in the specifications for the ‘‘ best quality 
obtainable” of Portland cement, the requirements for neat tensile 
strength for twenty-eight days are 400 lbs. per square inch. — we 
specifications read, ‘‘ from 400 to 600 lbs.,” but the minimum 
tion alone carries weight. The writer ventures to assert that there are — 
quite a number of high-class domestic Portlands that will run, not 2 
a - above 400, but far above 600 Ibs. on a 28-day test, and that it would © 

“4 be the common opinion among engineers that ‘such cements would 
be much better than a 400-Ib. cement. same criticism: is 


Cement to ‘and the Best Proportions for Concrete ‘made 


intention of suggesting the requirements for « best” Portland ce- 
ment, but is of the opinion that while the author’s pencmnenieinee 
secure e the cheapest, they certainly do not assure the best. 


50 to 150% of the minimum apart is difficult to discern. ‘Speci 

- 6 _ fications should as much as possible avoid compelling verbal explans- p 

tion. | Ifthe engineer’s minimum limit for a certain quality is fixed i in 

a _his own mind, he should state it explicitly and adhere to it.  Adealer s 
_ supplying 600-Ib. cement does not ordinarily place himself in compe- 
i tition with a 400-lb. article; and it is quite apparent that under the last eS 
clause of these specifications, to secure the chief engineer’s approval — 
of his own brand as a ‘‘ best” cement with any meaning, he must also ag 


aS 
secure the disapproval of 400-Ib. . brands. These are specifications 


i ith respect to the author’s suggestions concerning concrete for e 
i 74 pedestals, the writer is of the opinion that with either graded or uni- me 
_ form-size stone, the voids of the same can be filled with mortar in s 
one -three-six mixture, and that this is more dependent on the manipu-— ay 
lation and subsequent consolidation of the concrete in place than on 
grading the stone very carefully and thoroughly mixing the various a 
- sizes, each of which precautions would probably cost — 


they literally carried out as the author suggests. 
Mr. W. M. Patton, i in his ‘‘ Civil gives the voids in 
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Me. AW. 
triet of of Columb for ” gives the voids as ta) 


of 1 part a average concrete stone, 1 ‘past mall 


gravel...... - 85.5% 


“Mixture of 2 parts average concrete. ‘stone, 1 part 


1. 


99.5% 


voids in washed “gravel of mined sizes running from 2} to }in. to be 
cs It will be noted that in none of these cases do the voids amount to 
50 per cent. Theoretically, therefore, in a one-three-six mixture the ;, 
mortar would be in excess of the amount required to fill the voids. In~ 
the relation of mortar to stone this mixture is almost practically the _ 
same as a one-two- four mixture, with which the writer has ether of 


“no no difficulty i in the matter of filling the voids without taking either of 


While it apparently stands so in the paper, the writer does not be-— 
a lieve that the author recommends an “‘ eminently slow-setting cement” 


aye for concrete to be deposited under water. eh, 


A combination of Sections 5 and 12 of the p paper leads the reader a 
be infer that the only timber used was ‘‘ vulcanized ” long-leaf yellow rine 
passing “clear” inspection. It is difficult to conceive that a railroad a 
- company would countenance the gross extravagance of using the most 
ee costly grade of timber when the preservative treatment of cheaper grades. 
_ would give an article much more economical. The claims of economy ad 
‘set forth by the various preservative companies are based in a large 
part on the probability of making the inferior grades of timber more 
_ durable than the higher grades. In relation to “Vulcanizing,” it it 
may be pertinent to quote from a publication* of the Division of 
Department of Agriculture. In this process it is claimed 
that ‘*the chemical condition of the sap may be changed into a preser- 
vative composition” by heating the timbers to ‘from 300° to 500° 
under air pressure of 100 to 175 Ibs. per square inch”; or “by 
substituting a vacuum for the p pressure and a low to effect 
same ‘result, namely, to ‘vuleanize’ the wood. There is no == 
of the physiology or chenecter of wood to sustain the 
- 
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Mr. Belknap. m of the physical nor has the been enough 

on trial to prove by experience the value of the process. Tests of 

y treated and untreated material of such nature as to meke the material 

7 comparable otherwise, made | by the Forestry Division, | did not show 4 

increase in strength, as claimed, nor any chemical o or physical 

; >, In view of this statement of the Forestry Division, which must mY 
_ given considerable authority in such matters, such data and tests as 


the author may have c soutypiintony 1 to the preceding wo would be ‘not only 


a large economy on ‘the assumption of the process being efficient. “a 
mW L. Cowzzs, M. Am. Soc. C. E.—The paper is a valuable contel- 4 
bution to the literature on this subject, and is especially commendable : 
in calling attention to the defects it in existing structures, and in laying 
down the broad principle that an elevated railroad should be equalin 
- respects to the best class of railroad bridges. It would seem that _ 
_ this proposition should need no argument, for, as the author says, the a 


ser vice e of the structure is much more constant than that of most rail. 


_ tudinal thrust caused by the braking, calls for special rigidity in its — 
design and the best of shop work in its execution. Surely any acci- ine 
‘ dent which might occur through faulty design or construction would _ 
a not be attended with less serious results than a similar accident to a 
Tailroad bridge, while the possibilities of disaster as affecting adjoin- 
ing property and loss of life in streets, through a collapse of “ 
elevated structure, furnish additional reason for thoroughness. oe 2 
‘The selection of material made by the author was doubtless i in 


4 accordance with the results of his careful investigation, an and seems to we 
have been determined upon as giving the most economical construction 
_ upon the basis of universal reaming. _ There is probably little ques- as 
- tion as to the benefit accruing from re aming all holes in medium steel — . 
for the purpose of insuring solid metal around the holes, but the 
» writer is not yet prepared to accept the statement made by the author — 
that all material should be so treated. The author is quite correct in a 
holding that even in the best shops it is impracticable to punch holes 
to match perfectly, and there is certainly advantage in the riveting if — 
the component parts of members are so assembled that all rivets will 
eater the holes freely, but this object cai can be attained by the use of the — 
tapered flexible reamer to which he refers. This he admits, but con- ‘7 
- tends that in such holes the rivets will not completely fill out, and prot 
therefore not act effectively. The writer understands that reference i is be. 
made to long members, such as chords and posts of a bridge or 
~ columns of a building, and, as s applied to such members, which etd 
stitute a large propettion of the work of most shops, he does not 


the successive starting and with the attendant 
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of such members does not depend upon the complete filling} of 
- the holes so much as upon the formation of full heads, well closed — 
ine down upon the surface of the steel, since the office of the rivet is not 7 
Er to transmit shear, but to hold the component parts of the members 
tightly together, so that the strength of the unsupported portions an 


any part may in no case be less than the strength of the member as a 
whole. _ The rivets in reinforce or pin plates, in brackets on columns, 
in the ends of the flanges of girders, and in all positions where the full Bs 
_ efficiency of the rivets in shear is required, should completely fill the . 
but such rivets, ordinarily occur only in comparatively small 
r. small portions of a member, and the component parts can generally be 
an so adjusted that these holes will come fair, leaving what mismatching .* 
there may be to come ina part of the member where the rivets are not Be we 
in shear, and where the flexible reamer will all that 


‘glee, and does not intend to argue for poor workmanship or 
kc careless punching, but i is o of th the opinion that while there may be. a 


= involved in the eres -punching and reaming ‘of all holes in soft — 
= steel and iron is not oomannndtalty justified by any benefit derived 7 


material, punched ‘and assembled an well riveted, can 
properly be excluded from the term first- -class work. 
A. C. Cunnineuam, M. Am. Soc. C. E.—Within the recollection of Mr. C 
- most members, when an engineer desired to build a structure of steel, “~ * 
was only necessary for him to specify ‘‘ steel” of certain 
® a properties. That he would obtain the product of the Bessemer con- 
__-yerter was assured, for there was, at first, no choice or alternative. 
Some of these first specifications are in use to-day with few or no — 
changes of importance, though far better steel is furnished under 
them than they were intended t to cover, owing to improve- 
in 
Some of this Bessemer high in a and sulphur, 
3 overdosed with manganese, and filled with oxide of iron, would to- dey 


“Son branded as a villainous mess. - Of the structures made of this steel, q a 


who were using steel presently had theirs 
rs to another process than the Bessemer by which a better and more de- __ 
& sirable product could be made, and which, by the time it reached the b~ 
Structural engineer, had become generally known as s open-he -hearth steel. Rc. 


Where the best results were of more >» importance than the actual cost, , 
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Bessemer or open-hearth steel, with little or no hope of getting the 2 


The deadly enemies of iron and steel have always been and always 


_ will be phosphorus and ome Owing to the much greater cost of 2 


superior melting stock was largely due the superiority of the — 


The superiority of agen -hearth steel | to Bessemer partly on 


4 manufacturers of open-hearth steel at once called attention to me 
2 superiority of composition in advocating their product. _ Recognizing 


both advantages, the engineer who could not avail himself of the first a 
took advantage of the second and began to put limits on the dangerous 
_ elements in Bessemer steel, rightly inferring that what would improve 
=a the one kind would improve the other. These first chemical limits 
for structural steel were quite generally confined to phosphorus. ae 
Having discovered that phosphorus and sulphur could be neither 
utilized nor neutralized to any extent in steel, the steel-maker next 
ae turned his attention to eliminating these troublesome elements, with 
happy result of developing the basic process of steel making. 
q mechanical differences between the > basic a and the older Processes are 


kinds of furnaces and converters as the older steels this ne new product 
needed only a qualification to have a name, and was quite nsturally — 
 eallled basic Bessemer and basic open-hearth steele 
The acceptance of these terms made at once a family ns name of. 
-;¢ 4 Bessemer and open- n-hearth, and the originals were christened acid be 
Bessemer and acid open-hearth. Specifications reading Bessemer 
steel or open-hearth steel were no longer definite, since Bessemer and | fc 
_*@ open-hearth steels could each bi be made by either the acid or basic 3 
‘The original open-hearth steel, now called acid open hearth, is 
7 made by a comparatively simple process. The hearth of the furnace * 
is lined with silica, whence the name acid, and on this is placed the & 
melting s stock, consisting of pig iron, iron or steel scrap and iron ore. eG ; 
; a This | charge is melted down, the silicon and manganese burn out — 
inst, and then the carbon to the point desired by the steel-maker, — 
_ when the furnace work is complete. If the phosphorus and sulphur 
_ burned out also, the basic process would never have been heard of, 


but unfortunately they do not. Whatever amount of and 
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the reason for the well-known uniformity of acid open- -hearth or steel we 

% ¥ may be seen. The phosphorus and sulphur can be exactly estimated 
- from the original charge. The steel-maker has only to give his at- 

ve tention to the reduction of the carbon to the desired point, and when . 

he has made his manganese additions, the steel is finished. Uniess 
chemical limitations are placed upon the dangerous elements, a - 
open-hearth steel may be uniformly bad, instead of uniformly good a 

oie Inthe basic open- -hearth process the hearth is lined with dolomite. 7 

addition to the pig, scrap and ore, the charge contains 

- From the dolomite lining and the lime in the charge comes the name . 

‘basic. The object of the lime in the charge is to unite with the | 
phosphorus a and sulphur, and pass them into the slag. Were lime _ 

charged into an acid furnace, it would act on the silica lining in 


action dolomite. The greatest action of the 
basic charge i is on the phosphorus; its action on the sulphur i is much — 
The basic process being essentially a dephosphorizing one, it is 
: possible to use for it a melting stock so high in phosphorus that steel 
made from the same stock by an acid process would be worthless, — 
= The regulation of the carbon becomes therefore of secondary im- 
portance to the reduction of the phosphorus to at least a safe limit, 
:: and as the carbon may be n nearly all eliminated before the atoll a 
is reduced, it becomes necessary in most cases to make carbon addi- 
tions. It is not essential to the success of the process that the a ~ 
an phosphorus in a basic open-hearth charge should be large; it may be car 
E as low or lower than in a charge for good acid steel, in in which cas se 
the phosphorus will be nearly all eliminated. 
_ The irregularities of basic open-hearth steel may be best illus- _ 
trated by assuming a specification, and then seeing what may happen 
under it. As sometimes happens a specification originally in intended 
- for acid steel is applied to basic without change, and as this will od 
an extreme case, such a one will be taken; ultimate strength, 60 000° 
to 70000 lbs. per square inch, phosphorus not to exceed 0.08 per - 
cast containing 0.089% phosphorus would require 0.12% 
Pa give 60 000 lbs. in ordinary sections, and a cast containing only a 
a of phosphorus would require 0.3% to give it 70 000 lbs. under 
: the same conditions. By skilful treatment both these casts may be & 
_ Made to pass the same specification, though they are at the extreme “5 
i. ‘limits, _ Now, under varying conditions, these two casts will give an 
different results. The 0.3% carbon cast will be found much more £3 
“sensitive to heat treatment than the other, and can be hardened to a = : 
‘much greater extent, softened on — 
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_ a trace, which tngenutty seo and if the allowed variation i in 
is, say, 56 000 | to 64 000 Ibs. ., steel having from 0. 12% to. 


Such variations as this are not likely to’ be found in 
hearth steel, for, if the phosphorus limit is 0.08%, the steel-maker will : 
not go much below this on account of the increased — cost of the raw 
material. basic o open-hearth, however. er, the difference in cost be- 
tween 0.04% and a trace of phosphorus is only the difference of the _ 
slight excess of lime required to produce it. 
- Basie open-hearth steel is naturally a soft material on account of 
the low point to which the carbon i is reduced in the and ifa 
steel at the end of the process. Such carbon additions are made oy 
throwing coke into the ladle into which the steel is tapped, and, as 
this does: ‘not always become thoroughly steel, 


< open-hearth steel may fill a specification, be of excellent quality, and L 
at the same time of variable composition. Unless sulphur is limited in 
a specification for basic open-hearth steel, it is possible to get a product 
_ which is high in this dangerous element, for it is not reduced to the y 
extent by the process as the phosphorus. 
There are advantages in connection with the basic open hearth 
which are of great importance, and the principal | ones are the possi 
hs bility of producing a very low phosphorus steel and a very soft and 


The low phosphorus scrap resulting from the basic process, how- a 


4 ever, a once permits of a low tonecoorig acid steel at a competing — bea 


and certainty by the acid process than ‘by, the basic, for 
_ they do not depend on carbon additions to the same extent, and are, i 
_ therefore, freer from the possibility of uneven mixing, = 2 
4 ‘When it is desired to make a specification to cover both acid and . ‘4 
og basic open-hearth steel, it is well to make separate provisions for the 
4 chemical limitations at least. For acid steel a limit of 0.08% of ‘phos- 
phorus and 0.06% of sulphur, and for basic steel a limit of 0.04% of 
phosphorus and 0.05% of sulphur will produce good i results : and admit 
A range ultimate e strength between 56 000 and 64000 Ibs. 
i. will cover both steels to advantage. For basic open-hearth ‘alone, 
a 52000 to 60000 lbs. will give excellent results, while for acid 
open-hearth 60 000 to 68 000 Ibs. will te: found quite uniform and 


Mr. Cunning- Specifications for basic open-hearth steel seldom a the p 
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©. E. Fowzsr, Assoc. M. Am. Soc. C. E.—The attention paid to the Mr. Fowler. 
- details of the work, as evinced by the paper, is certainly commendable. es 4 
‘Very few realize, however, as can the bridge companies which are _ 
doing work under many different engineers, what a great variety of 
details are considered best. One point that has impressed the writer — 
most recent work is the tendency to err on the safe ‘side, if such 
After w orking under. specifications of many of the lines and 
of many consulting engineers, the writer has adopted in his own speci- _ 
fications soft medium steel, from 55000 to 65 000 lbs. ultimate, as 
being the metal that will undergo the 
4 with least liability to damage, and avoid the necessity for reaming. — 
pe As most shops get out work at the present time, making a canal ; - 
templet for each piece in a structure, it can only be extreme careless- »” 
ness if holes in assembled members do not match well, and it is usual ev 9a a 


to see the holes match perfectly i in girder flanges for the e entire length. a at 


Compressed air reamers are used in most shops on all work to clean 
as out the burrs and true up holes, thus avoiding the cause of drifting, a 
at and saving delay and expense in shop work. It is not usual to use E 
 yeamers of such great taper as the paper seems to prac- 
tically true holes result. For reamed work where in. is to be re- 


ae twist drills are used, and with ex experienced workmen work is 


done which cannot be from that of fixed machines. 


doubt wh them t 0 
bik As to acid and basic steel, the « question i is — ng settled by the mill = 
owners, who are preparing to furnish the basic product as against the __ 
he acid. At one of the largest mills in this country basic steel is being a 
a turned out in which it is unusual to find the phosphorus exceeding © — 
pa 0.01%, and the greater part of the output contains only a trace. That Pe : 


2 this will more than offset any small gain in the uniformity of the — 
- product of acid furnaces, which is no doubt due to the better stock 
< used, will certainly be admitted by most users of steel. pila 7 
As great 1 a is presented i in what ‘paint: to use as it in any 
at kind in the field. After seeing scores of brands used, the writer “vue © al 
_ has come to doubt if any paint is wholly good or accomplishes its E 17 
purpose. — There is certainly a growing assurance among engineers 
fe =. linseed oil is not the proper shop coat, and carbon primer is the Pe b 
favorite as a substitute. Experience shows the change to be a wise 
- one, as it forms an elastic covering and is said to act chemically on 
rt the surface of the metal. What to do to remove the scale from. steel 
before , getting this first coat is a qu question. - Will the mills devise some 7 
ee. way to free their pees from scale, or will the buyer pay to have mad e 
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Mr. Fowler. This is a question than the field as 
any of a dozen paints are first class for this, with the lead and graphite | 
a ‘4 paints counted best. This coat should always be a different shade or 2 

from the shop coat coat to make it easy tos see when all parts are 


‘That the ¢ wry caps to exclude moisture from the pedestals are 
- excellent is true, but it is a question if Portland concrete, Properly 
erowned, would not have been 


— aa The proportions for concrete are such as would give excellent re re- 
‘ 


sults in practice, and if care is used these proportions would give 
satisfactory results under water. On some recent foundations, ex-— 
_ actly these proportions were used by the writer and the concrete de- — 
3 posited under 15 ft. of water; when the work was pumped out, the ; 
a concrete was found to be very uniform and | set firm and hard. The 
r uniformity, was accomplished by depositing it through a tube, the 
P first filling of the tube being accomplished by sliding paper teks 
filled with concrete into the tube until above water level. For such 
_ work as pedestals, proportions | as high as one-four- seven for Port- 
land will be found to give ‘much better "results when the voids in 
the stone do not exceed four-tenths, than the more frequently used 
one-two-four natural cement concrete. — 
The limit for plate girders has been much extenied,. and it is — 
4 customary fc for bridge shops to have orders booked for many spans at 
a time, from 70 to 125 ft. in length, while a few years ago riveted 
_ lattice spans would have been used. The usual limit for plate girders 
an a does not, however, exceed 90 ft. The great difference in cost is inthe - 
~ : cheaper erection of plate girders, as they can be placed in position as 
complete spans during the intervals between passing trains, as was 
on on the Cleveland, Akron and Columbus Railw ay during the past: 
year, where each complete span weighed about 40 tons. The girders 
were so designed as to go between the trusses of the old Howe truss 
ts spans, after the old deck was torn away. omen a 
ax ‘The limit usually adopted for crimping stiffeners is beyond 6 
ins. in depth, below which depth fillers are used. - Some loss me | 
1 


stiffness is caused by the omission of the fillers, but the same 
_ weight of metal could more eiactinty be added i to increase th the alts 
- Of the columns used, the two channels and one beam well find 
2 - most favor in a shop, as the Z-bar column is difficult to keep from 
_ twisting during the punching and riveting. There is, however, a 
_ chance for some person to design a column which will meet the ob- a 
to which the different designs are subject, that is, a column» 
: where all the rivets are easy to drive, that does not twist so easilyin 
OS and will have more satisfactory methods of detailing, eo 

‘Tegards the development of tl the strength of of the column asawhole. 
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experiments. as to the threads are very interesting, and Fowler. : 


employed under heavy stress, such as anchor bolts and main 1 connec- 
It is to be hoped that the author will give fully the results of fthe 
experiments on angles connected by one leg and star struts, as these = 
are in such general use that the information will be awaited with in- 
terest. They affect not only the class of structures under discussion J oo 
more particularly the construction of mill buildings, 
ie; co It cannot be too firmly impressed on the young members of the r 
profession, that one or two rivets do not make a connection. Even 
if the rivets are driven tight at the time the work is done, one rivet in 7 
| g & two-rivet joint any work loose and then it is left for one rivet to 7 


5 orn loads thea those for which it was designed. The writer had 
_ supposed that ‘Spans of any size ) where thi the riveted members did not | 
- intersect on centers of gravity was @ thing of the past, but = 
gonstructed riveted bridge of 100-ft. span was seen in a western city, 
with no attempt made to have the members intersect correctly. This > i 
lack of design has become so exceptional, however, that anything of __ . 
he kind is very noticeable, and most of the bad features of the older 
elevated roads which are mentioned are, happily, things of the past. 
- While there is much room yet for the improvement of steel struct- __ 
ural designs, there is reason for congratulation that there is a constant — 
demand for the best in both material and design. 
Toxsras WaGner, M. Am. Soe. —The question of Mr. Wagner. 
‘punching in order to obtain the accurate matching of rivet holes by 
i: "subsequent reaming is one that, without doubt, is conducive to the 
py. best results as far as perfect riveting is concerned, although it has 
been the experience of the writer that the “engineer who assumes that — 
dy this means he will obtain good | ‘matching of holes together with the 
removal of the in. of injured metal around the holes will deceive him- 
Pew - The same experience, however, leads him to believe that no 


& girders where the web plates are rolled in long lengths and the chord . 


angles have rivet holes in both legs, the otretching of of the 1 metal i in the 
ers 
writer cannot too heartily agree with the ‘that ‘real 
Teaming can only be done with rigid reamers, although in poorly 
matched holes the removal of the injured metal in the holes will not be 
entirely accomplished, as would be the caseif the reamer were allowed Zz 
_ to follow the hole. — He has more confidence, “however, in the rivet 
tially: filling an irregular hole when the rivet is driven by hy- 


auch threads should certainly be | used for many cases where bolts are aM a 
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the m material the and it is simply a 
engineer to decide as to whether the quality of 


a = 
“A 57 000 to 65 000 Ibs. an ordinarily fair i increase 


in the cost per pound is not warranted. On the other hand holes 


course, due to the difficulty of obtaining a good rivet in the field when ay 
) ‘Railroad bridge work has, on account of the special care which has — 
~e been given in the past to its designing, represented the best practice — 
a in structural work, but the writer agrees with the author that there is Es 


no reason m why it should stand alone i in | this respect, and _ endorses the 


F go further, and can see no reason why any serunbare carefully and 
_ economically designed should not receive equally as much care in the — 
- 7 requirements ¢ of its manufacture. It i is to be assumed that when an Q 
engineer prepares a specification for § any work, he does it in the inter- 
4 est of those paying for the work, and that it has received careful con- — 
sideration, and should therefore stand after the contract is made. The 
practice of the contractor speculating upon future changes it is much to 


q No change i in the requirements should ever be allowed after the con- ; 
pom is signed unless the very strongest reasons exist for so ple 
_ No alternate bid should in equity be considered unless it is asked for 
Ss The use of basic steel is a very pe pertinent one at the present time, <3 4 
and it would be interesting if the author would give his reasons for 
_ limiting the use of this metal. The writer is of the opinion that for 
most purposes (eye-bars possibly sy the basic metal is equal to os 
that produced in in an acid furnace. = 


tunnel on Pennsylvania Avenue in Philadelphia, for 
grade crossings on that avenue, work costing $6 000 000. The speci- 
fications for the Portland ‘cement (which | is “specified for all 


much exceeded. Attention is specially : 
tests, are regularly taken and have proved of on 
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S tO Une remarks OL Cements anda Concrete, the results arrived 

i 
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“con 


« Portland Cement.—Portland cement shall have a specific 
of not less than 3, and shall leave by weight a residue of not more 
than 1% 1% on a No. 50 sieve, 10% ona No. 100 sieve, and 30% on a No 
200 sieve, the sieves being the same as previously described. 
y «Pats of neat cement } in. thick, with thin edges, immersed in 
ater, after ‘ hard’ set, shall show no signs ¢ of ‘checking or “opel ; 
shall require at least 30 minutes to develop initial 
the same conditions as specified for Natural Cement. 
“Briquettes of neat cement, 1 sq. in. in section, shall develo 
following ultimate tensile strengths: é 
24 hours (in water after hard’ set)... 5 Ibs. 
7 days (1 day in air, 6 days in water) 
parts of standard quartz sand . 
(1 day in air, 27 days in water), 1 of to | 


Fy All cements shall meet such additional ‘requirements a as hot 
ee ‘set,’ and ‘chemical’ tests as the Chief Engineer may determine. 
requirements for ‘set’ may | be e modified where the conditions are 
j ‘such astomakeitadvisablee = 
‘Mortar taken from the mixing box, and into briquettes 
sq. in. ey cross section, shall develop the following ultimate tensile ae 
7 days a day in air, x days in water), 1 part t Portland ce- 
ment to 3 parts of sand................ 
2 sal ‘* (1 day in air, 27 days in water) 1 part ‘of 
cement to 3 parts o sand 


e comparison of the specifications shows | a ‘fair rly close agreement, 


The specifications for the concrete on this work require the s same . 


question of neinting is one deserving of the and 
the results of any experiments must of necessity be interesting. 
_ Without t entering into detail the writer from his | experience warmly Bat 
s ‘recommends the practice of giving the metal a coat of linseed oil ‘ = 
_ before leaving the cover of the mill and after all loose black scale is Z ; 
removed. believes this to be one of the secrets of the prevention 
of a large amount of rusting, no matter what priming and finis hing ast 


ar are applied. These latter coats must of necessity vary some- 


ye used in the work shallrest with Mr. Wagner. 
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his he believes to be essential in any structural work, 

= 


of motion in the structure. Motion, as regards structures, may be | 
divided into two kinds; dynamic, or that motion due to and insepar- fe 


tion, which may or may not be accompanied by internal stress, 
4 Except when a bridge is moved bodily off its foundations, no failure i 
y ever has or ever can take place except as the immediate result ofex- _ 
cessive dynamic motion. As long as a bridge contains metal in st 
ficient quantity and so as to restrict the dynamic: motion within 
7 certain limits, its life, so far as is known, will be perpetual; but as 
- soon as the limit is exceeded in any one member, the failure of that 
member sooner or later is absolutely c¢ certain. * th former times °s it w was 
the rule, and even yet the practice obtains to s ‘some » extent, to p propor- : 
4 tion bridges for stress alone without regard to motion; and many : 


_ any such bridges the dynamic motion was kept within safe Limits it 
happy incident or accident of their construction. It is known 
now that a stress and section sheet is not a safe criterion of the value 
a bridge, and that to insure permanence, not only the stress, but also 
_ the motion, must be considered and provided for, = | 
a ‘When the earlier elevated structures were built, neither the loadsto — 
hich they w would be subjected were . anticipated, nor was the subject 
of dynamic "motion understood, and consequently these structures 
"were soon found to lack both strength and rigidity. Remedies of — 
various kinds have been applied to them from time to time to correct E 
the former defect, but the latter is still obtrusively apparent to any é 
observer. | It can hardly be questioned that the life of the the Manhattan pe 
elevated structure must be a limited one for this reason. ‘Whether 
limit is close at hand or still far off can only be judged by those in 
charge of and constantly observing the structure under its daily task. : 
‘That such a limit was long ago recognized by its owners appears to be 
_ shown by these words of one of its officers published fourteen years Re 
ago : “The structure is an iron bridge for the whole length of the rail- Be: 
way, miles in length; whether this will have to be rebuilt in ten years oa 
or fifty nobody yet knows.” * The Chicago elevated structure offers a 
‘4 marked contrast to these dane works in that not only strength but a 4 
_ rigidity also is considered, and it is the first elevated structure within 
the writer’s knowledge where the latter point has received any particu- a 
:~ attention. He does not agree with the author as to the value of. os 
rf. sub-punching and reaming. If such treatment is prescribed to cure 
<4 the bad effect of punching, it is delusive. Solid drilling is the only rs 


ay safe course under those premises. The writer has yet to see any piece 
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hole, ‘and unless it is so removed it is s obviously useless to remove it from. 7 
some and leave it on others. Instead of using material which is liable — 
to injury in punching and then applying a remedy for the harm 


5 in the first place s steel which will not be injuriously ; affected by punch ro 
 ingand shearing. Such steel is not hard to get. A photograph, Plate 
__ X, Fig. 1, is submitted of some tests on steel of this kind recently used 
on in bridge work, which has stood much more abuse than it could ever — 
veagge get i in any shop, | and still without reaching its limit of endur- |: 


pieces picked up at and ‘the tests ¥ were ‘nursed in 
making to produce a fine show, as is sometimes the case, but were 
4 actually made in the roughest and hardest manner. This steel was 
$5000 to 65000 Ibs. ultimate, averaging about 62 000 Ibs. After — 
i knowing the quality « of this steel from the stock used in _ making it, 
from the process of manufacture and from its chemical analysis, and 
having demonstrated its properties by physical tests, the writer feels 
safe in using the material and ream- 


- This steel costs from 0.05 to 0.1 cent per pound more than a 
_ steel, while the author’s figures for the extra cost of sub- punching and 
reaming are from 0.1 to 0.2 cent per pound. 
~*~ Reaming for fair holes and not primarily to remove the surface a 
by the punch is quite another matter, but with care there need be > 
very little, if any, such reaming done. The author is certainly wrong 
in saying that no shop ca can turn out first-class work without sub- punch- . 
ing and reaming or drilling. The writer has been accustémed to _ 
apy that when the rivet holes match sufficiently to let a cold rivet 


degree of mismatching must ‘be corrected by reaming. In a shop 
where so some care is taken with the punching, the amount of reaming 
“under this specification is exceedingly small. The habitual use of the & 
reamer to get fair holes prevails generally where the punching is piece | 
work. When a man’s pay depends upon the number of holes he makesin 
_ &day, he is not likely to be over careful where he puts them, especially 7 
if he knows some one will follow after him with a reamer to correct 
his inaccuracies. All this is unnecessary with a little care at the — 
punch. Moreover, the writer is of the opinion that the rivets them- +f 7 f 
selves hold better and are stronger in punched: than in drilled or 
Another consideration in regard to reaming to remove injured — 


4 whicl punche surface was remové from every Mr. Stowell. 
4 
im 
using an inferior metal and doctoring it afterwards. This particu- — — 
steel happens to be acid open-hearth, but he has no doubt that 
~ steal of correanonding good anality wonld show nn eonally well — 
“a 
= 4 


_ Mr. Stowell. metal i is this. 4 Such holes are always punched in the first place, and 
. often carelessly, as the man at the punch knows they are to be reamed - 
“i afterwards. Before reaming, the work has to be fitted up and bolted ; 


_ through these punched holes, a process accompanied by more or less ee 


by 


heavy drifting according to the degree of inaccuracy in the punching, | 
If the original punching has started a crack in any hole, it will surely — 
be extended by any drifting done on that hole. Can one always be ab- 
_ solutely eertain that, whatever the amount of metal reamed out, it is 
enough to extend beyond the limit of any such crack ? The writer ee 
~ One should, of course, use all reasonable precautions to get oot” 
a < and accurate work which will not require abuse of the metal in order 
_ to get the parts to, go together. _ If in addition one is sure of having 
yt dy : metal which can safely stand far more abuse than can ever possibly 
- _ be put upon it, should it happen to get any, and which need not be 
i “4 gone over minutely to be sure that every bit of sheared surface = 


been removed, it is greatly conducive to a good night's 8 sleep. 
“a4 The steel specification for the Chicago elevated work called for 
_ open- -hearth metal having an ultimate strength of 60 000 to 68 000 Ibs. 
_- sper square inch; elastic limit, one-half of ultimate strength; percentage — 
of elongation, ultimate divided by 1 500 000 (corresponding to about — 
25%); percentage ge of reduction, twice e that of elongation; quench bend, 
. 180° around a diameter equal to the thickness of the test piece, =| 
» arf test to show an increase of 50% over original diameter of punched : 
hole. The chemistry was prescribed only for phosphorus, which was 
not to exceed 0.08% for acid, and 0.05% for basic steel. “A This is a very 
_ good specification as far as it goes, and far superior to many in use. e 
But the writer believes that not only the phosphorus, but also the sul- FY 
phur should be limited. A He is aware the manufacturer will claim mn : 


4 that, inasmuch as s sulphur is a red shortener, it m may safely be left alone, 
oe as any excess will show itself in the breaking up of the steel in n roll : 
ing. But this is not all. Experience has demonstrated that sulphur 
“4 may exist so near the limit of red shortness that, while it does not cause — 
the: steel actualiy to disintegrate in rolling, it may leave the rolls full — 
of minute fractures (micro- sulphur flaws) which cannot be detected by | 
=q the eye, but which are liable to extend under stress and ultimately — i 
2 cause the of piece. For this the content 


stress should not be placed on the drift test as indicating the quality a 
” of steel. If it does not stand a moderate amount of drifting, the steel 
is } certainly poor, but if it does stand it, it by no means follows that it 
is good or even on passable. The evidence of the drift pin should be con- 
sidered as corroborative only, ‘not as is the 


— 
— 
— 
‘a 
— 
re 
The author’s requirement of a drift test showing 50% increase in 


some quarters. There is a bridge specification very widely used and Mr. Stowell. 7 wl 
extensively copied throughout this country which provides a drift 
test showing an increase of only one-third in the diameter of punched — a a 
_ holes, and making such a test the criterion for reaming and planing or a . 
their omission. To show how utterly worthless such a test is, the writer 
submits an illustration (Plate X, Fig. 2) of a piece of angle iron _ 
with a punched hole drifted from +% to 1,5 ins. diameter, or about 58% 7 
- increase, and still without reaching the possible limit of drifting. In 
_ other words, this piece has filled the requirements of the specification _ 
about 25% more, and under its requisements might be 


re 


Yet the steel is so poor that the piece shown in the 
: _ broke off while trying to bend the angle i iron to a curve sof 40 ft. radius. _ 
i _ The peculiar feature of that specification is not only that it lays such © 

_ stress on this worthless drift test, but, even should the steel be so un- — 
= , speakably bad that it cannot stand this drifting, : still it may be used — 

ided only the holes are reamed and the edges planed. 
The chemistry of this piece of steel is as follows: Carbon, 0. 130%; - 

phosphorus, 0.101%; walphar, 0. 056765 0.040% ; manganese, 
-_ Theana analysis stamps | the steel as a quite ordinary grade of (probably) ) ; 

Bessemer metal, and on the analysis alone it would be rejected for use in 
important place; but the specification mentioned would permit its 
ie use for any purpose, as that specification ignores both chemistry and — 
proc ess of ‘manufacture. ‘The e writer b believes more poor steel has prob- = 
ably been put into American bridges under that specification than under 
f other ever written, and the reason why it does not more often show 
itself in failures is because manufacturers generally make a much better — 

— quality of steel than that specification would permit the use of. of. There - 

is, fortunately, »& limit to } poverty in steel bey ond which it does notpay 
e totry to make it. When more than a certain percentage cannot be run © 
i “through the rolls whole, the cost of such of the product as can be | 
‘ i finished more than offsets the saving in the use of cheap stock. — The 
i _ tendency in steel making, too, is in the direction of con continued improve- — 
: = in its quality, and most manufacturers nowadays habitually turn a 

iad a a pretty fair — of metal, so that the purchaser under such a 


were t true, or even approximately 80, , that the : of an iron 
_ fastened by one leg is that of this leg only, a great many old riveted a 
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sein The author’s experiments on the relative value of angle irons con- 3 
nected by one and by both legs are in accord with factslong known to 
ality those familiar with riveted construction. A good many modern speci- 
steel fications stipulate that angles must always be fastened by both legs or 
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“Mr. Stowell. , bridges s would have broken down long ago, but they persistently. re 
fuse to collapse and verify the theory. = 
a The author’s design for an elevated structure is, on the whole, a 

distinct advance over all previous s efforts in that line, and the care -— 

study expended on the subject have resulted in a structure which ap- _ 
; _ parently leaves little further improvement possible. The use of solid 
web girders instead of open web, the large and substantial knee braces. 
a at tops of columns, the scientific arrangement ¢ of the lateral bracing and os 
‘the proportioning of columns and anchorages to withstand all possible ~ 
_ horizontal as well as vertical loads, are particularly good features; ag 
“— and the writer ventures the prediction that future elevated roads will _ 
3 largely modeled after this one. 


—- The proposed design for an ornamental ; structure for city streets is as 
a a generally beautiful and tasteful design, unfortunately not likely to 


Connor. E. H. M. Am. Soe. C. E. stresses u used i in the 
various members under varying conditions, and the unit prices 
- sumed in the comparative designs, and their costs, are all omitted in 


paper. The ‘Several points mentioned from A t to P should, with- 
doubt, receive due consideration, but the author does ‘not state 


when he deems the columns ‘ ** properly designed to provide sufficient 
grength,” etc. The same may be said of many of the other articles. 
As all elevated railroads in Chicago are having a hard time financially, _ 
eco onomy must be a very important factor in design for that city. 
as Certainly safety must not be sacrificed at any cost, but too much 
_ money should not be spent to overcome non-injurious vibrations 
_ Vibrations are inherent i in all metallic structures, and should simply 
The longitudinal girders used o on the Northwestern Elevated 
__ have been carefully designed and are well braced. Lattice girders are 
more pleasing in appearance, and admit more light to the stroct 
_ beneath. They are not so satisfactory for rigidity and maintenance — 
plate girders. The cost for 5 0-ft. ‘spans is about the same. The 
columns used on the same road were very ‘difficult and expensive to 
manufacture on account of the large plate, over 6 ft. square, with 
——— cut out of the lower corners, on account - the connection — 
taking the longitudinal thrust, with its irregularly cut plates, and 


on account of the many parts, over seventy in each column, which re- 


quired the columns to be handled several times in assembling and 


‘It is proper to allow high unit strains in the metal when the live “4 
load, dead load and bending momen moment are all considered ; 15 000 Ibs. 
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per square inch would not be too much for medium steel columns on Mr. Connor. _ 
: a tangent. | The longitudinal thrust due to an application of brakes a 


length of the structure. If it is considered distributed 


over a distance equal to twice the length of the train, and carried by 7 A , 
‘the columns w within that “distance, the longitudinal 
Columns of more pleasing and sufficient rigidity can 
i built more economically of 15-in. . channels, flared at the end nn 
receive the stringers directly without cross- -girders, than those adopted aaa ; 
& by the author. The channels may be strengthened near the base by E>". ye: 
angles when it becomes necessary in long columns. 
‘The maximum fiber stress due to the Northwestern loading, longi- "4 
; tudinal and transverse bending, assuming the longitudinal thrust al 
By be two-tenths of the entire weight o of a train 200 ft. long, and distri- 
3 _ buted over 320 ft., or 8 bents, in a column 16 ft. high built of two 15. 
in, 33-lb. channels would be about 12 500 lbs. per square inch, a per- | 
us  fectly safe stress. The sectional area of this column is less than i 
oof the one used, and no longitudinal tower bracing is required. 4 The 
saving in columns and cross- -girders would be Such 
4 columns have been in use in New York for many years, and are to- a 
satisfactorily performing their duties, though the vibrations are ex- j 
cessive, some of the details poor a and satin amount lass tine them Fa 
rigidity co could be by y altering and the 
details. Longitudinal brackets riveted to the columns and bearing 
against stiff cross-frames between the stringers could be introduced. 
writer sees reason, however, for discarding entirely the 


features which are economical in material and shop labor. Bib tae 
“ar 


‘oa The writer is glad to see the firm stand taken by the author in re- 

Ps to punching and reaming rivet holes, and is sorry to note that 
facing the end angles of the longitudinal girders, almost equally 
desirable, was not required. The additional cost is very small. Such 

workmanship decreases the factor of ignorance as to existing ‘condi- a 
tions and permits the use of higher unit stresses. 
his ‘Henry W. Hopes, M. Am. Soc. C. E.—The paper will undoubtedly mr. Hodge. 
¥ be of great advantage in improving the general designs and details of ¥ 
elevated 1 railroad structures, though it is to be hoped | that American 

ae are » not ‘to be afflicted with > any large amount of such work. — 

Esthetics | in an n elevated railroad is, in the writer’s opinion, purely a 


; and ruinous to the ° appearance and comfort of any city ‘street. 
‘The w writer cannot agree that it is advisable to reduce the ultimate 
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on basic steel to UU HOF has 1t Deen Dis experience that 
steel is less uniform in quality than acid. The material for the 
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eo about 1000 tons of acid steel and 2000 tons of basic steel, and the 
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- ir. Hodge. Duluth and Superior Bridge was ordered under the follow ing spec 
; cations: ‘Ultimate, 63 000 to 70 000 Ibs. ; ; elastic, 559% of ultimate ; 
in 8 ins., 22%; reduction, 40 percent. 
ss The use of either acid or basic steel was allowed, except that dk? 
required f for eye- -bars. . The acid was not to contain more than 
0. 08% of phosphorus, or the basic more than of phosphorus. 
No difficulty was experienced in getting material of these qualifica- 
- nor did the manufacturers object to it as difficult to make, and _ 
the amount of material rejected for failing to come up to these spe vif 


cations was so small as to be hardly worth consideration. ‘There : 
+ _ maximum and minimum values obtained from all specimen tests, in- 
cluding th the teats on on material rejected, were as follows: 
Ultimate.......... 58 710 to 74 840 51780 to 76 700° 
32 600 to 49100 
5% to 33% 


25. 6% to 63.7% 81.7% to 65. 


0.018% to 0.089 0.007% to 0.036% 
there was as much basic as the 
€ writer thinks these results show basic steel to be not less uniform than a 


acid. Of course, these values are all extremes from a very large number 
of tests, and in some cases are ences by hard 0 or r soft rer so while ee 


__-In this structure the metal for the wheel treads of the turntable was 
os required to fill the following specification: Ultimate, 70 000 to 80 000 
elastic, 50% of ultimate; elongation in 8 ins., 20%; “reduction, 
_ The eitin of tests on basic steel were: : Ultimate, 70 980 to 72 050 
. Ibs. ; elastic, 47 240 to 49 150 Ibs. ; ; elongation i in 8i ins., 24.5% ; 
As such a grade of basic steel can be made without greatly increased 
cost, the writer sees no reason a for ie the ultimate so low as 61 000 » 


aa a not details at all, but. main miineiaien,. as the ‘designer who doe 

not use sufficient bracing between longitudinal girders, or put suffi 

- cient rivets in joints, or proportion the chords of girders for bendin 

as well as direct stress, or proportion columns for the horizontal as 
well as vertical loads, or use bases large enough to carry the loads — 
under | columns, is not worthy of the name of engineer. These and 
several other 80- ~called details are such elementary matters, now 
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generally attended to, that it is certainly useless call any Mr. Hodg 
engineer's aattentiontothem. 
The writer thinks it unnecessary to increase the heoretical number 
of rivets in a member, if such number is small, for fear one may be 
: loose, as such a possibility should be guarded against by setting 
_— ‘proper valuations on rivet-bearing and shearing. If one started to 
‘‘ guess” how many extra rivets should be allowed at each joint, why 
= to figures at all? Gray ity lines should intersect in a | point, of 
course, to prevent torsion on the riveted joints. 
pn Nor does the writer see any reason why lacing should not be relied — 
on to carry horizontal thrust in the column, as the lacing is generally _ 


on ang side of the column, and in ‘most cases has tw two rivets in each = 


as stated in the paper, to destroy the efficiency of the lattice. ‘The 
necessity of giving away material to avoid any such panenbabie con- 
is difficult to see. As to seathetics, ‘the writer believes 
- most engineers had by all means 
0 give assistance in such as s he thinks aman’s idea would 
be a great improvement on the one suggested. 
Bernt Bercer, Assoc. M. Am. Soc. C. E.—The author that the mr. Berger. 
a results of his examination of previously constructed elevated railroads ds 
Bis amount simply to the accumulation « of a great 1 mass ss of information e ex- 
emplifying “how not to do it.” It appears, however, as if he has 


or unconsciously made use of several features of the older 


systems 
In all the early elevated railroad structures in New York the columns 
.— anchored to the foundations, and the anchor rods were run through 
KS to the bottom and not stopped off in the middle of the mass. The 
_ writer does not mean to say that such anchorage is necessarily a pointof — 
excellence, but the ideaisan old one. The rigid connection of the cross- 
- girders to the posts was used as early as 1878 in the City Hall branch - 
of the elev ated railroad in New York. Here the columns are formed 
< of two 15-in. channels latticed and inserted into deep pedestal So 
_ which are anchored to the foundations. One channeliscutoffunderthe 
bottom flange of the cross girder, which rests on it,andtheotherchan- == 
_hel extends to the top flange of the girder and is riveted to its vertical Date 
end angles. Theodore Cooper, M. Am. Soc. C. E., who had charge ofthis 
work during its construction, copied this detail in his design of the ele- — 
vated structure for the Pittsburg Junction Railroad in 1883, and the 
_ Same method of connecting the cross-girders to the columns has snail 
i in pend elev ated railroad structures. 
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ere g Pp ing 
od ae design for the Suburban Rapid Transit Railway in New York in 1886. _ ¥ a a os 
nn The channels of the columns are cut off unc » bottom flangeofthe iii 


Mr. Berger. cross- girders, a batten plate extended up on each side of the 


angles on ‘the girder. 1 

rigidity to the structure. 
the foundation, but mee on a cast-iron pedestal which raises it above 
the dirt and moisture of the street. The same cut also shows the ex. 
pansion pocket. - The pocket i is particularly strong i in the girder « be 


‘Fig. 36 shows the expansion the railroad stringers of the 
Asylum Street improvements at Hartford, Conn. This elevated rail- 
road structure was built in 1888, is about 670 ft. long, in part on ‘i 
_ curve, and carries four iF tracks and three platforms. It was designed 3 
> for Class A of Mr. Cooper’ s specifications. The pocket isa very strong 
- * and rigid one, the side fines) and angles having been extended ee 
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Both expansion pockets are provided with q-i in. safety bolts to pre- Mr. Berger. 

_— any possibility of the contraction of the structure under falling 
temperature becoming concentrated at any one pocket. 
The introduction on of braced towers is admirable, and it is th the 

 thor’s good fortune that his structure was so located as to ) permit it. > = 


‘The writer is in Lares with him in his strong plea for reaming of mv 
Warer Jun. Am. ‘Soc. C. E. —The v writer, who was con- Mr. smith, 


i 


and Union Elevated aonatetidin touches on the following features, BS 
- not ina spirit of criticism, but rather that some views contrary saa 
those of the author may be noted and corrected if wrong, 
the first subject is is s the radical on over or other elevated road cc con- 


center of columns, braced both longitudinally and tenaversely to 
- column foot, as shown in the details. The reason given for this is the 
oe fact that express trains are to be run over the surface at a rate of 40 > : 
miles per hour, making this condition necessary to take the traction 
due to the train. This assumption was made, evidently, 
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Ls _ thereby making it impossible to direct this longitudinal foree into 
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< 


h. owing to the that every fourth span has an 


‘more tha: han four spans or r sixteen columns at one » time, or at least dur- 

= s the period of maximum stress. This would be true without doubt 
ew the structure proper-only to be taken into consideration, but this — be 
view does not show all the facts ofthe case. 

* The maximum condition of stress is due to a loaded train consisting ze 
a ot one motor car and three trailers, weighing i in all about 180 000 Ibs., a 
. = at the r rate of 40 miles per hour. - It is found necessary to 
 - this train in the least possible time. | By knowing the distance 4 

_ which the train travels after brakes are applied and thetime necessary _ 
to bring it it to a the of the force of traction or thrust 4 


tes a asingle section between two penile ‘joints, owing to the fact 

_ that the train length is about 150 ft., while the distance between the 
expansion joints is, at times, more, were it not for the deck work, and > Be 

changes existing conditions totally each track system there 


are four guard rails and two running rails. These six rails form the t 


¥ structure into a mass in such a manner that if a strain is put upon any 
part of the deck, it is carried over a large extent of its surface. It is a 


a cause a sliding of that rail "re coment longitudinal strain 
In case “this sliding does orn, the friction of the spike a and tie — 
; BP Seger ill convey the thrust into the tie, and from there it must 
a” 2 either be taken up by the tie bearing of the girder or by the guard — 
D rail. Reason would certainly denote the latter, for the ties and guard 
a rails are bolted together in such a manner as to render it impossible 
4 for one to act without the other, while the connection between the tie 
and the girder is not by any means a complete one, for if such wt a 
the case, expansion of the metal would injure the alignment of the 


deck. This last | statement is true to a greater extent of the roads in 
question than on the Metropolitan Elevated of Chicago, for that road — 
_ has bolted all ties to the flange of the girder while the Northwestern _ 
and Union Elevated use hook bolts on each second tie only. . 
-* The conclusion drawn from these conditions is that the stress due _ 


to braked trains is is not conveyed, to any extent, to the 


the column, f Ser it is counteracted by the deck. . Were: the longitudinals 
“made continuous for long distances and the o1 only connections with oe 
columns were by bearing plates or nan, so as to leave absolutely no ) nee 


aa 
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riveted together makes it impossible for one to act without some effect 


This would a to aggravate the transverse Mr. Smith, 
i stress greatly, in that it would be continuous, and for that reason, if es = “a 
no other, the author’s idea of carrying the columns to the full height — 
ofthe structure istobe commended. 
point of contention might be as to whether the mass of the 
structure is in stable or unstable equilibrium. The fact that a large i 
body is supported by a column of small area in proportion to its }. a aa 
- size, or a number of them, does not make it unstable, provided the 7 
 forees acting upon that body do not tend to move it to a sufficient ex- 
tent that its own weight is added to the forces already once _ 


_ Were the action of the train large enough in a to the struct a is 
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This is ‘not, however, within the bounds of reason and can be at once 
dismissed. It will be assumed that the action of this longitudinal — 
thrust is wholly taken up by that portion of the structure upon which © 
_ the train runs, that is, upon two of the longitudinals with the deck. 

“i This assumption is greatly on the side of safety, for the design of the ee 
ae ‘structure makes 1t impossible to strain this one-track system without —* 
4 affecting to some degree the other three, and especially that on the 
same side of the center. If the force is confined to this single track, 
however, and its action does not extend more than twice or three times 
¢ the length of the train in either direction, there is a weight equal to = tre 
three times that of the train which must needs be set in motion before ps 
bending can occur. Were it possible to design a column section in 
i. any case, which would carry the load due to compression, without — 

- longitudinal strength, then some metal might, in this case, be neces- 

_ sary to withstand | any light stress caused by thrust. This being 
impossible, however, the conclusion is drawn that a any - metal used in 

any part of the structure to withstand horizontal thrust i ina ee 


_ the force of the e train, the bending of the columns web be severe. 


waa be applied to the transverse bracing of the sewers in a four- track — 
= ‘structure. — The force of impact is not severe, and the width of the _ 
structure makes it perfectly stable. This in no way applies to lateral 
systems used to stiffen girders, or to cross frames. a a 
The question as to what construction of guards is the most useful 
¥ a seems to be one of great importance and interest to all who are con a 
cerned in any ws way xy with elevated roads. On the lines under. wonders 
tion a 6 x 6-in. inner guard is used, while the outer one is 6 x 8 ins. aa 
- Would not a 6x 8 in. be better for the inner rail? Without doubt, > * 
a te the more important of the two, and should the car jump the track, 
3 more lifting power would be necessary to carry it over the high a 
a ‘than the low. - It is true that in case of a blow the high rail would be - me 
‘more likely to split than the low, yet it would seem very doubtful if 
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in that way prevent a "wreck. "Could the outer guard be placed far 
enough from the track rail to allow the entire right wheel of the car to 
1* as 4 pass over the inner guard before the left wheel struck the outer guard, 

its practical use would be established. As this is not possible j in a 
present construction, the matter need not be discussed. The outer 


iat 


guard, however, lends an appearance of security for the traveling 


public which possibly warrants its 
Treadwell, Lee TREADWELL, M. Am. Soc. E.—Few engineers will will deny 


fact that an elevated railroad should be built, not only to carry the mA : 
Ss sumed live and dead loads, but also to resist the longitudinal thrust — , 
of braked trains, the centrifugal force of moving loads on curves, 5 
 & lateral force on tangents due to wind pressure a and the oscillations 
of moving trains. the same time, how ever, each ‘designer 
probably have his own ideas as to how the longitudinal forces should be | 
- distributed. Judging from most of the elevated roads now in = 
__ istence, it would seem that the general practice has been to assume 
expansion Salata, s, and therefore, that the longitudinal thrust of braked 
trains is distributed over a long stretch of track. It is true that the 
“ ; track and guard rails do give to the structure a certain amount of con- 
i tinuity, but it is an woemtain factor and should not be counted upon, 


of hes structure expansion points as entirely | 
- and separate, and in designing it to resist all the forces that can my 
a applied between those points, is undoubtedly to be commended; in — 
: b fact it would s seem to be the most scientific way of of solving the the problem. / 


> a make the structure continuous, the author’s method ‘weal still be 
7 preferable, for it leads to the attainment of one of the most desirable 
— in an elev rated railroad, namely, that of rigidity — a 
Again, few will question the author’s: statement that an “elevated 


railroad should be built with the same degree of excellence i in . respect 
a quality of material and workmanship as that of any railroad bridge, — 
and he is probably not going too far when he intimates that it might : 
be well to make the details and connections even more nearly per- 
Te * 4 fect in the former than in the latter. The reason for this is, as stated Mq 
_ in the paper, that a railroad bridge will generally receive its maximum — 

_ live load at comparatively long intervals only, while in the case of an 
elevated railroad the a assumed maximum live load may be applied 
a. many times a day. Another reason w hy the greatest care » should be ; 
taken in detailing an elevated railroad is that owing to the adi r 
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aa CORRESPONDENCE» on ELEVATED RAILROADS. 
of t the trains, it is in an almost continuous ‘state of vibration and ‘Mr Treadwell, 
tremor, which tends: to to work the co connections loose and weaken the 
_ In respect to the use of soft steel at a low intensity of 
working stress, or reamed medium steel at a higher intensity,” the 
author shows his good judgment in his final decision to use medium — 
steel throughout. If, however, it be claimed that rigidity is one of 
— the essential qualities of an elevated railroad, it must be admitted, 
also, that the use of ‘‘soft steel at a low intensity of working stress” q 
has at least one advantage over ‘‘ medium steel at a higher intensity.’ i 
| The : advantage depends on the difference in the unit strains used, for, 
e as the elastic coefficients of the two metals are equal, the deflections 
and consequent vibrations will be in direct proportion to the fiber — 
strains used in designing. | necessarily follows, therefore , that, ** 
_ everything else being equal, the lower the unit otceine used, the more pe 
rigid will be the structure. ge 
It is also claimed by some engineers that soft steel is better suited - 
- than medium steel to resist suddenly induced strains; and for short-— bec 


fe ‘it be true that’ the nature of soft steel is s such as to make ‘that mate 
_ more reliable than medium steel under shocks of greater or less in- 
tensity, it would only seem proper under those conditions to strain 
the two metals | about alike, up to, say, 8 000 or 10 6001 Ibs. per square 
— inch, assuming that the « advantage gained in the softer quality of one ' 
metal is sufficient to offset the greater elastic limit of the other. If it Zz - 
be taken for granted, also, as claimed by many manufacturers, that 
_ the reaming out of the cracked metal around punched rive vet holes does a . 
not materially increase the s strength « of the : section, and especially its _ 
@ elastic limit, then soft steel would seem to be an ideal metal for an 
. elevated railroad, and there would undoubtedly be a considerable — 
saving in cost by using it in preference to reamed d medium s steel. -* oe 
writer’s opinion most of the | advantages claimed for soft 
are re entirely problematical, and, except for special purposes, he 
does not advocate its use. In point of endurance it has been —— = ae 
_ well demonstrated among mechanical engineers that soft steel is far . 
inferior toa higher carbon metal ; and there seems to be no good 
-Teason n why civil engineers should not profit by the experience of their 
9 mechanical brethren. Take, for example, car axles, crank shafts, 
_ piston rods, and steel rails—how is it that they manage to stand DO 
k 80 well when strained in almost every co conceivable way 2? Does not — 
chief reason lie i in the fact that they have a a high elastic limit and ulti- 
mate strength? That is certainly the most plausible explanation. nt a 
= may be claimed that car axles and crank shafts are made of a better a 
quality of metal, which is improved — but, however, that 
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CORRESPONDENCE ON ELEVATED ‘RAILROADS, 
_ Mr. Treadwell may be, the same can hardly be said to be true of seal rails, for yen 
a” are rolled from Bessemer steel, and have an elastic limit usually not 
‘. 4 below 50 000 Ibs. per square inch. it would seem to follow, therefore, : 
=P - that, other conditions being the same, the capacity of steel to resist 
indefinitely the application of 4 applied forces without injury 
4 itself is measured by its ts elasticity. The higher the elastic limit, the 
greater are its resisting powers rs and the longer will be its life. 
a _ Why, then, it may be asked, is soft steel so often called for ? One — 
reason is, that some believe ‘it more nearly approaches 


-short- -span in other that iti is more reliable than medium 
‘i "steel ‘under shocks and suddenly induced strains. As before stated, 

these claims do not seem to be thoroughly founded on facts . Actual ‘é 
ex;perience with both metals under heavy strain, especially in the field 


a. of mechanical engineering, where the wear and tear is more easily ob 


ys - served, is constantly adding additional proof of the inferior quality ¢ of 
soft steelasadurable and serviceable metal. 
tk Another and probably more important reason why unreamed soft 
‘ steel is so widely favored is due to two facts ; first, it is cheaper 
i pound for pound than reamed mediums steel ; and, second, , most manu- | 
a _facturers favor its use because it is claimed to be easier to make and 
fet - easier to manipulate in the shop. Taken as they come from the roll- 
- ing mill, there is practically no difference in the cost of the two 


metals, but in the shop it must be admitted that the softer and 

- _ pliable a metal is, the easier and less expensive are the operations of e: 
- ee and punching. The difference in manipulation is 80 
slight, however, that most manufacturers will bid the same pound 
— on unreamed work whether it be of soft or medium steel. 
_ Nevertheless, pay the contractor the added cost of straightening, — 

Wa punching and reaming, and he would still rather use soft steel and 
oo _ punch the rivet holes full size, simply because the operation of ream- 
ing retards ‘the progress of work in the shop, while his interests 
r require that it be pushed through in the shortest time e possible. It is 

business proposition that no contractor can afford to ignore in these 


tb 


= 


4 days of strong competition, especially when there is a large demand > 
: th for work to be delivered in a limited time. If the manufacturer be — 
for the extra work of sub-punching and reaming, it is not clear 
an why he should oppose it on any other grounds than that it reduces ae 


the output of his shop. Conditions are changing somewhat, though, 


and fewer objections to reaming are heard now than formerly. = 


We 


of the leading bridge companies are . well equipped for drilling and 
reaming, and they are still making improvements in their ‘equipment 
* 4 — that line. _ The chief engineer of one of the larger companies — 
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‘reaming varies from one- tenth to two-tenths of a cent per seca 7 To a 
2 illustrate further, suppose bids to be invited on 1 000 t tons of struct- 
ural work erected and ‘painted, first, on unreamed soft steel; and 
second, on reamed medium steel. The bidders would make less than $- - <8 
difference in the pound prices for the two metals. The author ~ jhe 
states, also, 1 that reamed medium Steel may be strained 10% 
than soft steel. Some specifications. allow 15% difference. The author’ me 
statement, therefore that ‘‘as far as the total cost is concerned, — 
s is immaterial whether unreamed soft or reamed medium steel > ” : 
used,” is rather conservative than otherwise in favor of the latter — 
metal. _ Then there ‘still remains i in in fav or of medium steel the e advan- 
tage gained in the superior workmanship due to rea | reaming; +; such, for — 
PS aly as the perfect matching of rivet holes in the main members. ‘ia 
and the consequent better fitting of all the parts. It is eclt-evident a 
_ that the more nearly perfect the joints and connections of any struct- — 
~ are fitted together, the more rigid and durable it will be. — - 
a By soft and medium steel, the writer refers to metals hav ait aver- 
age ultimate strengths of 56000 and 64000 lbs. per square inch, _ 
te -respectiv ely. It may be added that no such distinction is observed Ps ly 
by the majority of rolling mills. — | With them, the limits govern rather ro 
than the averages called for in the s specifications. — nS In sp spec ifications for 


ft steel the ultimate strength is generally limited to 60 000 or 62 000 

Ths. per square inch, while for medium steel it is generally required that 

ig the ultimate tensile strength shall be not less than 58 000 to 60000 Ibs. 

per square » inch. Here there is a maximum ov overlap « of 4 000 Ibs. per 

2 square inch. The engineer who wrote the specifications for soft steel —__ 


_ could not be persuaded to change to medium, and the designer who Rok 

called for medium steel would be highly indignant if asked to accept — 
softer metal instead. ‘The truth of the matter is, however, that 
“many of the mills are daily filling orders for both specifications from 


_ This practice on the part of the ‘oad mills of striking an average . 
7 ‘between soft and medium steel, rather than any lack of uniformity in ; 
_ the basic open-hearth product, is possibly responsible for the facts ; 
which led the author to state, that ‘‘the reports o of the company’s in- = 
= spectors indicate that the basic steel is not quite so o uniform in quality 
e as the acid; and that it may prove advisable in future specifications Zz 
_ for basic medium steel to reduce the average e ultimate stress limits 
64 000 to 61 Ibs. per square inch.” 
Excluding metal rolled for rivets, it is cecmreaie to say that 
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Mr. Treadwell 1 90% of the soft and medium steel rolled at the present time roe struct 
= purposes has an ultimate strength between the limits of 56000 
i 3 and 66 000 Ibs. per square inch, a range of only 10 000 lbs. which some 

claim should be allowed. = 
ei A, It is possible, then, that authors of specifications are splitting — 
“ ae and quibbling ox over the difference between soft and medium steel 
no purpose. It is to be hoped that such is not the case, but 
a - must be confessed that there is some ground for such a declaration. ie 
+ ; _ Why not adopt a single standard at once and be done with it? There 
me are three courses 8 open; first, accept and be contented with the present 
| imperfect sys system; second, retain the distinction between soft and 
‘medium steel, but require that the metal furnished shall have ne 
ultimate strength equal to that called for in the specifications, ond Des 
‘not an ay verage 000° or 000 Ibs. above o1 or below; third, abandon 
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all purposes, ‘uniform ‘metal of ‘the =) 
- manufacturer can make consistent with the cost, regularity and 
reliability of the product. At present, an average ultimate strength — 
from 60 000 to 62 000 Ibs. ‘per square be about 


aa to use a higher grade of steel, having an ultimate strength of, say, 
a 62.000 to 70.000 Ibs. per square inch, even if the cost should +i 


If it were proposed to abandon the present ¢ distinction between 
and medium steel, there would probably be a vigorous protest 

~ from the engineering profession in general; but, however that may — 
much may be said in favor ¢ ofa standard for structural steel." 


as standard and the ultimates n now called for i in pectnanian’ for soft 
- and medium steel would be insignificant when reduced to the corre- 
sponding working stresses, especially when it is remembered that 
authors of specifications ¢ differ greatly in the unit 
Again, if a single standard were adopted, the manufacturer would 


but so "Tong as he is required to prt both 
es rae steel u upon specifications that overlap, s so long will the metal — 
= be neither soft nor medium steel in the strictest sense, but 


- 

a 

—— 

3 
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a 

tiess Teel disposed to improve Nis : 

| decrease the cost of manufacture slightly. 
also, to : id and basic open-hes 


jndicate that the basic steel i is ‘not quite : 80 uniform i in as s the 
acid.” ” During the last two or three years it has been the writer’s 
i to spend considerable time in the shops of some of the lead- 
px ing bridge companies, and, in addition to observing closely the various 
3 ; manipulations the ‘metal must undergo before it is s finished ready to 
_ ship, he has conversed more or less with those who are familiar with 
B. the conduct of the metal at every stage of its manufacture. The in- 
formation gained in this way, added to the results of the eting: 
2 laboratory, tend to. convince him that the product of the acid open- 
hearth furnace is somewhat superior to that of the Dasic furnace, 
notwithstanding the claims of some of the manufacturers to the con- 
es In the first place it is perfectly rational that acid steel should be L 
better, for it is | more homogeneous i in it ‘its molecular construction. 
When properly 1 manipulated, it does not require to be a 
2 Basic steel, however, is first run very low in carbon so as to reduce s 5. 
ia the amount of the ienpenttion in the metal, and especially to lower the 
-~pereentage of phosphorus. It is then recarbonized, and to perform — 


f: that operation so as to obtain a a thorough, complete and even distribu- _ 


tion of the carbon throughout every particle of 25tons of metalin 
at one mass is practically impossible. It must be admitted, though, that — 
such a high degree of perfection has been obtained in this direction 
2 that it is exceedingly difficult to distinguish the two metals it in the 
ordinary laboratory tests. Ifa large number of full-size members 
were tested to destruction, it is possible that the difference would be _ 
more noticeable. For instance, in the test to destruction of full-size — 
eye-bars of length, it has been observed that the stretch 
Ma ‘7. as measured foot by for foot is noticeably m: more uniform in the case of acid al ye 
than in that of basic open-hearth steel. This fact alone would seem 
to prove that the former metal is more homogeneous than the latter. e 
p et ith respect to the different melts or heats, however, it is believed 
_ that basic steel can be made just as regular in quality as the acid pro- . 
duet, and possibly more so. The reason for this is the fact that in 
ease of the former, the quality of the metal can be regulated in the 
E> furnace by reducing the percentage of the impurities, and then by re- 
_ introducing the proper amount of carbon; but in the case of the latter, 
F the quality of f the metal depends on ‘the purity of the stock charged 
3 - into the furnace. i In fact, ow ing to the oxidation of a certain portion 
of the iron, the percentage of the in the final product is 
, greater than in the original stock or scrap. About the only thing or hom 
itis attempted to regulate in the acid furnace is the percentage of f 
4 carbon, but if it isrun too low i in the e finish and has to be recarbonized, r> a 
a the product is inferior to basic steel. . Probably the best quality of 
es acid steel is that made from basic scrap containing small percentages _ 
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Mr. Treadwell. of sulphur and phosphorus, with enough } pig iron added to regulate 


carbon. In one sense, therefore, acid steel is basic steel refined. 
‘Reasoning along these lines, and not forgetting the results of the a 
testing laboratory, it is difficult to understand how it is possible to 


produce basic steel superior to or even equal - in n quality to acid steel, 

5 _ provided the same degree of care and precaution is observed in the 

-manufactureof both metals, 

— Assu ming that acid steel is somewhat better than basic, it is largely " 

‘a ie of cost whether the difference is great enough to warrant any i 
ae preference being given the former. Acid steel being made — 

7 _ principally from selected scrap, its first cost would be considerably 

‘ increased if there was a large demand for it in preference to basic 4 

_ steel. In view of this fa fact alone, it is probably more economical in the = 

— end to use the basic product, especially if the ultimate strength re 

F ‘quired i is not greater than 65 000 lbs. per square inch. For metalwith 

- an ultimate strength above 65 000 lbs. per square inch, the writer would | 

4 give a decided preference to the acid product. eS 

When it comes to sub-] punching and reaming in general, much may il 

be said pro and con. Itisa subject on on which there will alw ays be a ee 

_ difference of opinion among engineers and manufacturers. The writer — , 

r agrees with the author that ‘it is just as essential to ream soft steel 
and wrought iron as ‘it is to ream medium steel; for, so far as the | , 
‘elastic: limit of the metal is affected, one is injured by punching, | 

>. relativ ely, about as much as the other. — Then, too, it is almost im- 

possible to make long rivets fill punched holes completely, even when — - 
the greatest care is taken in heating and driving the rivets. Where m 


the e rivets are short, they can be made to fill the holes quite well, if — 


The metal work with the in. 
diameter of the cold rivet and reamed to the required size after the . 
4 several parts have been assembled, or to cast- -iron templets, is better 
work with the holes punched full size and often badly matched 
few will deny, but whether it is always better to the extent of the | 
= cost of reaming is a very different question. The writer is in 
i of sub-punching and reaming, and particularly so when applied — i) 
to > heavy and important etrecteres, % but he does not deem it essential — 
to ream “all metalwork.” 8 That high standard of perfection i in work. 
manship might be very desirable, but ow ing to economic considera-— es 
tions, he believes there is a large class of light work in whichitis 
perfectly allowable and even advisable to omit sub-punching and 
reaming, at least in in those cases where the the metal does not exceed é in, 
: in thickness, and "where the rivets pass through only three or four 4 
a It is not practicable to lay down an inflexible rule governing sub- 

‘punching and designer will on hit 
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icin in the matter, being guided ‘at the same time by the i im- Mr. Tr Treadwell. 
_ portance of his structures and the funds at his disposal; but in case of Ps. i 
by — doubt, his decision will always be a safe one if cast in favor of the %," 
Probably the most valuable feature of the paper is 3 the 
ie description, and estimate of the weight and cost per linealfoot ofeach 
_ of the thirteen designs worked out by the author. It is interesting to = 
follow the comparison made between the different styles of seer chedl 
— and to note that the best form, namely, ; that with braced towers, i, 
is the cheapest. One noticeable feature of all the designs is the ample 
‘provision of bracing to prevent secondary stresses due to 
and transverse forces. When tower bracing is used, the necessity = 
fixing the tops of the columns in the direction | of the longitudinal axis 
_ of the structure is not apparent. Such a fixed condition of the column 
only augments the temperature stresses without gaining anything in 
- point of strength or rigidity. When the tower bracing cannot be used @ 
; however, it is certainly advantageous to fix the columns at both top _ 


Another noticeable feature of the author’ design is the extension 
of the columns up to the Nid of the transverse girders. Whatever may — 


and rigidity. The sections of the columns themselves could 
hardly be upon, , at least so far as and are 


i in to details and workmanship for elevated railroad 
ae -eonstruction cannot be « overestimated, and the writer fully concurs in 
the author’s statement that an elevated railroad structure is just as 
important as any re bridge ever built, because the live loads are 
frequently applied, and the assumed maximum loads very 
= many times each day. The elevated railroad designer 
‘seek to obtain a structure combining the greatest possible 1 rigidity 
ith economic distribution of metal. | This cannot be accomplished 
by the most careful detailing and excellence of workmanship. 
_ Sub-punching and reaming of rivet holes has been rigidly enforced 
throughout the Northwestern and Union Elevated Railroad work, and 
the results as indicated in the completed structure have removed 
oe the writer’s mind ed doubt which may have existed with re- 


a. 


which will insure ‘an exact coincidence ‘of the sivet holes in com- 


ponent pieces of the various members of the structure. 


a _ The author's statement in regard to the bearing power of Chicago 
seems to writer to be and to leave the 
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CORRESPON DENC E ON EL EVATED RAIL RO: ADS. 
eston. impression that the mieten: for the Northwestern and Union 
Elevated Railroads were designed and constructed for a unit load 
“Spe the soil of 1 ton per square foot. The writer has had much ex- 
_ perience in excavating and building foundations upon the soil under- 
lying Chicago, and he has seldom encountered, except near the banks 
the river, a soil which would not safely support a load of 3 000 to 
:- 000 Ibs. per square foot. At least two-thirds of the Northwestern — 
I 
_ Elevated Railroad line is located through a sandy district where the 
would safely support loads: of 8 t tons to 10¢ tons per square foot. 


_ unit pressures of 3 500 ra 5 000 lbs. per square foot, the actual cost of 


Every feature of the detailing of the Northwestern Union 
= Railroad structures has been very carefully considered, and 5 

the result in respect to o rigidity of structure and economic distribution BN 
of metal is very satisfactory. If the writer were called upon to eel 
Zs. ticipate in the design and construction of another elevated wh 


he would not deviate from the principles which have been followed in _ 

design of the Northwestern | and Union m roads in Chicago. 
detail of these designs he e would change, viz., the position of the top a 
chord of the lengtiadiaed girders, with respect to the top chord of the © 
_cross-girders. As shown on the drawings, the top chord of the cross- = 


+ girders projects from 1} to 3 ins. . above the top chord of the longi- “4 


tudinal girders. This detail seriously interferes with t the uniform 

‘Lr spacing of the sek ties, , and will increase to some extent the diffi- 
Bs culties of renewing the track. Track girders should project at least ay 

ss Lim. above cross- s-girders, which insures absolutely uniform spacing 
a of the track ties. - Ww hen o one Feflects 0 on n this subject it it is seen n that the 


obtaining a manag track, and the importance of preparing ” ab 
Mr. Lindenthal LINDENTHAL, Am. Soc. E- —Three points 
writer in reading the paper. They are in connection with the : stair- 
ways, station platforms and the esthetic considerations. 
_ The subject of proper stairways does not fail to impress iteslll r 
‘y 4 forcibly on every passenger. To the writer’s knowledge there is not 
in this country a single elevated railroad, including the one that the 
author designed, of which the stairwa ways are proportioned with thought _ 
of real comfort in ascending or descending them. The daily blockades — 
in the stations during the rush hours testify to it. The cause for 
them is plain. The average person, leisurely walking on the level, 
covers” about 30 ins. with each step. To prevent a blockade, “that 
horizontal velocity should be maintained on the stairway during the 
cosmunt or ascent of about 20 ins., equal to about three stairway steps. 
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5 ‘The = motion for that purpose would have to be three times as fast Mr. Linde 
; - the stairway as on the level, involving some athletic skill of which = 7 
the average passenger is not possessed. Hence the blockade. ‘The 
_—-proper remedy for it is to make the stairway three times as wide ¥ 
8 the passage at the top leading to it, so that the crowd on descending _ 
can spread out sideways. The broadest stairway should always be Vy 
provided for. it should | not be more steeply inclined than in the pro- 
a portion of two horizontal to one vertical. A very convenient propor- 
aay is 6} ins. rise to 13 ins. tread. On all the elevated railroads the is 


stairways are much too steep, and i in wet and frosty weather positively 
One of the worst examples of badly proportioned stairways was in as 
the first elevated Broad Street Station of the Pennsylvania Railroad 
in Philadelphia. The first week after completion, so many persons _ 
fell down stairs, threatening the railroad company with suits for 
: damages, that it was found necessary to build over the narrow marble 
steps wooden stairwa ays with less slope and a a more convenient pro propor: 
tion of rise to tread. The stairways in the present Broad Street 
# ‘Station are very and properly proportioned, and good 
examples of what stairways should be for large crowds. 
ay The separation in the e station of the incoming ¢ and outgoing pase 
sengers is not dwelt vu upon by the author with sufficient quyhenic, a 
although his stations show an attempt to meet that requisite. — In 
nearly all railroad stations and in all elevated railroad stations in — 
k- the East, the incoming and outgoing passengers are in constant 
Pe collision. It shows a discreditable want of forethought and study. “ran 
} Making the trains and tracks noiseless, or nearly so, should a ‘ 
H one of the principal concerns of the engineer, whether the law re- __ “ : 
' quires it or not. That it must. necessarily add to expense, as the» 
author intimates, is a view which the writer does not share. 
ae mentioning wsthetics in connection with engineering structures, 
: the author touches a subject little appreciated by many engineers. _ aa 
may be that because the conception of beauty never was and never 


will be one capable of ‘Precise definition, that the engineering mind, 


ways, has become incapable of good architectural appearance 


in connection with structures. Some engineers’ ideas of beauty are 
- Tunning to curves and those of others to straight lines; some claim _ 
any structure to be beautiful which is properly proportioned 
strength and otherwise well adapted to its utilitarian purpose, pand 
f others desire their constructions to be called beautiful, conceived as 
tools doing their work, and to be classed presumably in the same — > 1.) 
architectural category with crowbars and wedges. The confusion of 
ideas of beauty i is clearly apperent i in | what the author says on oie 7 
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pdenthall siderable,” and as proof thereof plans of an elevated railroad of that — 
; _ supposed higher architectural order are shown, in which riveted rail-_ 
ing t brackets are hidden under ornamental cast-iron consols, resting on ¥ 


~ in which ‘supremely y superfluous arches are abutting against 


_ panels are fitted up with (in such place) meaningless scroll work, and 

in which lions’ heads are impaled on the ends of water spouts. . No f3 

wonder that projectors of good taste and sense should refuse to grant i 

is unfortunately a frequent fact that prominent engineering 
«structures, after having their proportions and lines fixed with the a 5 
4 usual inanity and indifference to harmonious and pleasing ensemble, : 
are handed over to some decorator, who is to make it artistically ac- 
S a ceptable, according to the amount of money that the owners may be | 


persuaded to spend on so-called esthetics. There are some such ex- 


amples in New York, and there are to be more in one or two ) projected — 4 
_ The author should be credited for. also sa) saying: ‘* The mad de- 
_ signer can generally manage to make his construction more or less : 
without materially to expense.” ‘To which should | be ix 


Without skill and thoughtful study a perfect work in that 
cannot be designed. _ The road to perfection is here, also, from the 
complicated and unsightly to the simple and westhetically correct. 
Intimate knowledge of manufacturing methods is as essential for 
] exercising that skill as freedom from construction and manufacturing — 
bias. a For the want of the latter condition, an architec urally meri ie 4 
torious design for an engineering may not readily. be ex- 
- pected to issue from a manufacturing or contracting establishment. aes 2 
‘The author invites criticism as to whether he succeeded in giving . ; 
the structure for the Northwestern Railroad in Chicago a pleasing ap- 
‘pearance. The writer will point out merely for one feature. 


_ the break in the continuity of the beam or girder line a at the bent is 
- decidedly unsightly and unnecessary. The observer er, except he be a 
_ bridge specialist, is not acquainted with, and does not care for, the 
_ finesse of bending moments and shearing strains, which prompts the 
utilitarian engineer to use a shallower girder and to break the con- 


 tinuity of line. It is too unimportant a reason to the beholder, who — 


4 experiences the disagreeable sensation that something is the ‘matter’ 


the technical reasons for this arrangement the writer fully agrees, but | bt 
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ON EL EVATED RAIL ROADS. 
= and admit the propriety of the bracing every four © or five Mr. Lindenthal 
spans, but to his mind uniform strength of the roadway in this struct- 
ure requires uniform beam height. The unity of appearance is vio- — 
ntly interrupted to save a few dollars’ worth of iron, which if not 
- wed makes the structure so much stronger and evidently better : 
No amount of cast-i iron ornamental brackets and scroll 
_ work, put on by a decorating architect, could make up for such fault — 
of the engineer, if a high eethetical kind 
he ‘mentioned, were to be made of ‘it. 
ae Another unsightly feature, not difficult to avoid, is the track with» Ley 
d the ties sticking out into the air, and giving the structure a ragged s 


"prov ed by paints. by oiling and varnishing, the 
- natural color of iron is an essential part of its sesthetical appearance. e 

_ Dust and rust are easiest discovered on ‘it, and therefore most ey 
guarded against timely repairs or reoiling. 


other respects it is not commendable, as it is noisy. 
In connection with in engineering structures it is 


Reuleaux, said in his well-known blunt manner in a recent 


_ modern bridge construction, 
“IT do not regard in proper taste extra ornamentation or attached i 
_ decorative features, or style subsequently furnished by an architect. 
_ By architectural designing, I mean the choice of the principal forms, 
the disposition of the masses, the arrangement of the lineaments of 
We are asked to call (das zweckmaessige) the suitable or fitting 
for its purpose beautiful ; if this be so, we would have to regard a a we! 
skeleton as beautiful, it is for its purposein 


if in this respect the suitable to its purpose were aan beautiful, 
hoy we would have to admit that a Hottentot Venus is beautiful ; 
she is healthy, and she is not lacking in flesh, which we miss on the 
E Weeleten, and her build is eminently suitable, in that the dusky > 
_ mother carries on her posteriors, “projecting 30 cms., her youngest 
- offspring, nourishing it at the same time. I doubt very ’ much whether © 
ie the defender of the utilitarian will claim beauty for her on t 


* See Glaser's Annalen, February 1st, 1897 
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“Mr. ‘Lindenthal We ¢ old scholars belonging to the past ‘call that beautiful i in a 


of intellectuality with matter. In that way we have inherited 
—— < ages a conception of beauty which is not easily defined by words, but — 
+i which anyone may appreciate, although he may not be able to create it.” 
Mr. Pegram. -Gzorce H. | M. Am. Soc. C. E. —The writer agrees swith the 4 
os an author that medium steel with reamed holes should be used in prefer- __ 
ence to soft steel without reaming. Indeed, it would be better to re- 
- reaming all punched holes in steel which is to be placed in ‘ 
_ structures where it will be highly strained or liable to receive blows, e 


i. If the object i is to g get | fair rivet holes rather than to remove the injured ‘Ga 


gathor are, of course, but the flexible reamers will 
_ the injured material more uniformly about the axis of the hole, and, © 
the writer believes, will give generally good results. eee ei 


An elevated railroad structure should be of the best character of a 
bridgework. Elevated roads are always built where the one ve 4 


bent in preference to or to one of four columns, in order t to leave t the ground» 
available for other uses as far as possible. would also. apply to 


much Caeeatiniae than any other, and where the ground can be A 
spared for this purpose it is well to use them; however, a x. 


shows that they are not necessary. 


The writer has believed that ero cross-ties are out of 


struction, but not needed for this purpose on an elevated 
road, their effect there is to darken the street below, to intensify 
the noise, increase the labor of cleaning the structure, and lead to un- s 
pleasant drippings after afallofsnoworrain, 
. ha The writer submits in Fig. 37 a drawing of the superstructure of 
the Kansas. City elev ated | designed by him and built in n 1886, ia. 


a hich the rails are carried in iron troughs which also acted as the top 3 


chords of the trusses. These channel chords serve also as guard rails, 
y and in case of leniiaes of a wheel or similar accident, are in effect 
_ parallel skids on which the trucks, which shduld- be provided with 
bolsters located but little above the tops s of the channels, might slide. 
a order to take up as little of the street as possible, the spans were | 
made about 50 ft.; the total weight of steel per lineal foot is 478 lbs. 
Pin connections were used i in this structure, as it is the writer’ belief 
cas that a . structure with much less s ugliness and obstruction of light can = 


be built with pin connections. It can be also with 
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ly designed, it is quite as durable. The writer submitted a 
similar to this for the Hoboken elevated road in 188: 
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Gates. ©. Gatrs, M Am. Soc. C. E. —Regarding medium versus soft. 
steel, the writer’s experience would lead him to prefer soft steel 
wee over medium steel reamed if the difference in unit stress j 


assumed at 1 10 ‘per cent. While it: may be right to select medium steal 


roads, as recommended by the cutter, the writer does not favor any a 
_ extensive use of this grade of metal for ordinary railroad traffic except __ J 
for truss members of long spans which take t their maximum stress ; 
gradually, a and certainly n never for short girders subjected to the heavy 
pounding and vibration of heavy freight trains. The more liberal dis- ‘ 

tribution of metal at a low unit stress seems to be more desirable, ea ‘ 


the senna steel more — than the: more brittle and higher grade 1 ae 


the points of manufacturing and center of distribution; for 
Z the Central States, , soft steel at a low unit stress will no ho doubt be used 
_ Greater care is taken by shop men in matching rivet holes of com-— 
ponent pieces of long members, when they know the work is not to be r 
re reamed, than when the requirements of s ecifications call for reamed 
en the req pe 
work. In the former case, if punching is done by piece work the 
a reaming over of misfits has to be done by and at the expense of shop Bes 
si men, and thus they find it to their interest to do good work. — With 
: the multiple punch | and spacin table v very accurate work is done in 
pie pu pacing t 
the shop the writer is connected with, 80 reaming can generally be 
epee with, notwithstanding the wanes of the author to the 
In this connection, the writer would thet for 
ae the bridge structure of the future, if not of to-day, good : specifications 
is will require that every piece . of soft or medium structural steel, and 
certainly all subject to tension in the finished member, shall be thor- — 
- oughly and uniformly annealed after the process of straightening and 
_ punching has been completed and and before riveting i is epeaied for obvious 
As regards the use of basic open-hearth acid open- hearth 
steel, it would be profitable for the profession to hear from the steel- 
maker direct on this subject. While some inspectors areinclinedtoward 
a 4 preference for acid open-hearth steel, owing to the apparent higher ee 
ea elastic limit, yet it must be ye admitted that in accepting acid steel a 
a minimum of 0.089 of phosphorus must be conceded, while for basic | 
steel it is safe to as low as 0.05% and one cab 
— 


: 4 work be reamed, especially when the thickness of me 
As a matter of economy, there may be a leaning to 
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> cold climates or where it is subject to sudden changes to very low Mr. Gates. 


tem perature, ., this fact alone, : in the writer’ opinion, should lead to the 
general preference of basic open-hearth steel, more particularly 
_ when the market price of the product is taken into consideration. =» 
Referring again to design, the author has certainly shown a happy _ 
solution in ‘solving it in an economical manner the problem of bringing 
wind stress 0 or train vibration to the trestle posts, thus relieving the | 
nla much-abused end beam from excessive longitudinal bending 
strain. The writer does not agree, however, with the author’s prefer- 7 a 
BS ence for the four- post bent for a four-track railway. All bents of @ > 


‘elevated railway ay must nece essarily be an obstruction to the established 


street traffic at the lower or ground grade, and a four-post bent cer-— 
- tainly offers more serious objections on that account than a two-post 
2 bent; this is slightly intensified when first cost is in favor of the two- _ 
post bent. Another objection to the use of a four-post bent is on 
- the foundations of the four pedestals are liable to different settlements — 7 
under load, thus causing ambiguous stress in the main beam, for which | 


ToMLINson, M. Am. Soc. C. E E.—The author | has 


way structure. discussed i in his paper. al The peri adopted was s chosen 
_ entirely on account of its superior rigidity, adaptability to the differ- — 
ent conditions to be met and esthetic effect, and without regard to the © 


difficulties which would arise in laying, and later r on, in maintaining, 
In the designs chosen for both four-track and two-track structure, — 
te transverse girders project above the longitadinal stringers from 2 
in. in the double- track to 3 int ins. in the four- track. — This i is not a mate- é 
rial objection on will | 
 eurves where it is to set all the transverse 
“radially, and where frequently some of the transverse girders make — 
very acute angles with the center line of the track, the conditions are | 
bad. - ‘The ties must be laid parallel to the the transverse girder, or if laid 
‘radially, they will have to be fitted over ar the transverse girder, mate-— , 
rially damaging the tie and rendering replacement very difficult. 
¥ _ The author’s original specifications called for 6 x 8-in. ties laid flat wd 
r and spaced 14 ins. center to center. ‘This was changed on the first — 
track laid on Lake Street from Market Street to Wabash Ave enue, to ers 


Bi ins. center to center, in order to bring the ties out even at rail 
Joints. track was laid without tie- plates. After the 


~The objection ‘to spacing of ties, es, and the reason 
Specifying 14-in. spacing, is that in case of a derailment there is a 
‘strong for the ties to This, in the writer’ 8 
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mlins inson. is not a valid. objection, as as the ties are firmly bolted to to the _— 
_ stringers, and each tie is securely bolted to two of the four guard rails, — 
to the inside and outside guards alternately. Many elevated railroad 
accidents have come under the writer’s observation, but of 
them has he known the ties to bunch 
spacing 18 ins. instead of 14 ins. seaving ¢ of 223% is made i in 
ve - ties, tie- plates, spikes, bolts, washers, etc., which is no inconsiderable _ 
item, being at least $1 000 per mile of single track for ties alone, and 
probably $1 000 more per mile for fittings and labor of a track, 
to say nothing ‘of the eventual cost of replacement. — Sail, 
_ The lumber used in the track is long-leaf southern seri 
- yuleanized. The writer thinks a mistake was made in specifying that 
: absolutely no sap would be allowed. In the first place, if lin. of sap 
had been allowed on two corners of the ties, guard- rails and 
heavier joists, the cost would have been reduced, but more important 
than this, is the fact that in almost every piece of dimension lumber, 
“g the heart of the tree and center of stick are generally coincident ; 3 COn- 
sequently, whichever side | is laid downward, the upper side chess ; 
; oe badly. Had a small amount of sap been allowed, the heart side could — 
= - always have been laid downward, and splitting on account of weather — 
author originally specified s an 80-lb. in which the metal 
a was: ‘distributed as follows: Head, 47% ; web, 20% 5 ; flange, 33 per “a 
cent. - The rail finally a adopted was one which was already standard : 
on the Lake ats Mlovated Railroad, and known as No. 8001 in the 4 


Mr. 


the Society, a and havi ing the distributed head , 42% 
In the track now being laid on the Union Elevated Railroad, and 


‘to > be laid on the Elevated ‘Railroad, ft. rail will: be 


here the joint of one rail is as nearly as opposite 
Samvuen M. Rows, } M. Am. Soe. C. E.- —The Northwestern Elevated 
Railroad Company directed experiments to be made to test 
paints as to their relative ability to protect metalw ork against atmos- 
pheric action, and particularly against the gases produced by the ~ 
bustion of coal, with which the atmosphere of the city is more or ne 
pervaded. . Each paint w was tested by applying it to four steel plates, — 
three coats on each plate. . Some of these were exposed to smoke and — 
steam from locomotives, and others to the smoke of bituminous < 
in a box prepared for that purpose. Neither of these methods were 
carried on long enough t to furnish decisive results, but the condition — 
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 ELEV ATED RAILROADS. | 
of plates exposed to the atmosphere was observed at — sean ‘Mr. Rowe. ae 
e The dark mineral paints were found to retain their color best, the | a 
effect of the weather on the oils being less than where lead and zinc 
were used as pigments. The use of graphite wags white lead and zine _ 
apparently gives the permanent light shade. 
ae “Y determining the adhesion of paint to metal, a toothed chisel was 
found The blade is in. wide, one-half toothed with. - 
jn. notches, 345 in. apart, and the other half with ¢;-in. notches, 3’; in. 
apart. If re paint is loose or easily parted from the metal, this will r 
beat once manifested if it is attempted to shave a strip of the paint pen 
from the metal; the surface of the latter will be free 
_ show any rust spots which may have formed ; in consequence e of the 7 
damaged condition of the covering. If the paint is very brittle, the 
whole surface will be stripped clean, whereas if it is tough, elastic, — - 
and clinging clo closely to the metal, each — the tool will leave a 
fine, continuous line of paint. 
Zz The durability of paint and ‘the \itaesillaiiaa of the protection it 
pw to the metal depend largely on the resistance of the surface 
and body of the paint to the action of the weather. If the surface 
changes or loses its density, the body of the - paint will soon do the — 
same, and the whole become porous, absorbing moisture and opening» 7 
away for rust. The best degree of elasticity and toughness in the 
paint seems to be that which will or checking 


the tool and form a eek which will feel like soft leather when rolled : 
between the thumb and .. _A hard, brittle paint will crumble 
of the paints tested sticky w hen exposed toa 
r summer temperature after the lapse of two years, a condition undesir- _ 
able in any paint except one exposed to a combination of locomotive 7 
_ steam and smoke, one of the most destructive agents to be withstood. 
Some of the Chicago viaducts suffer severely from this action, the metal a 
of the lower chord and floor systems being eaten away so > rapidly a: as to _ 
Tequire the renewal of these parts long before the less exposed portions " 
of the structure are affected materially. In such cases anything that will B» 
withstand the action of the gases on the metal is invaluable. - Neither a 
time nor means wei were available to analyze ze these paints to ‘determine 
the cause of the different results, but it has been suggested that the 
use of animal fats with the oils may produce the softness mentioned, 
while insoluble or very refractory gums of some kind may help to pro- : 
duce toughness s and firmness, when combined with linseed oil. ana, - 
The asphaltum paints harden like “glass forming a “surface which 
‘seems to resist the action of the coal oan perfectly, but they are liable — 


— 
dinal 
le in > 
rable 
and 
ack, — 
— 
pine, 
— 
— 
ould a 4 
ther — 
per — 
lard — 
eof oF 
and 
4 
ous 
| 
| 
and 4 
ay 


CORRESPONDENCE ON ELEVATED RAILROADS. 


Mr. Rowe. check ‘and do not cling to the metal, , being easily broken. 
separated from it. The Eureka paint used by the author on the 
Wi abash Extension structure covers and clings well to the rr 
holding its color fairly, but when shaved with the testing chisel, it is — 
2 hard a and brittle, and seems to some some extent porous and likely to to ab- 
a The author’s suggestion to give one coat of linseed oil to all work 
car before it leaves the shop is a good one, and a complete immersion of 
= ) each piece after it was thoroughly cleaned would be still better. By $ 
means parts would be reached v which ‘will bei inaccessible for paint- 
; “3 _ The question of the bearing qualities of the soils in Chicago, with 


reference to foundations for an elevated railroad, is one that requires — " 
investigation somewhat in detail, as there is a great variation in its 
om character i in the different parts of the city . That district traversed by — ‘1 
the the Union Loop, Wabash Extension, South Side Rapid Transit and 
"part ‘of the Northwestern elevated lines, consists of sand, gravel, 
- both in varying quantities, while part of the Northwestern elevated S 
and almost the entire extent of the Lake Street elevated lines cross a | 4 
< section where the underlying formation on which the canta rest is - 


ras _ ‘The country on which Chicago is built is almost as level as the 


gf I lake itself, and only 6 to 15 ft. higher. At the level ot the pier foun- 


y ds dation, it ‘is almost invariably saturated with water. The presence of 


tions 1 them have ‘been contribute . still further to the 
difficulties encountered. Where sand and gravel are found, the pres- — 
ence of the water does not materially affect their bearing qualities; 
a - but in the clay, failure in many cases is complete, the pier being a 
- tained by the adjacent structure and swinging like a pendulum, dis- 
torting and tearing the plates and riveting of the structure. = 
_ _In consequence of the early failure of many of the pier foundations — 
on the Lake Street elevated line some tests were made. The general — 
practice seems to have been to make the base of the pier about 7 ft. = 
4 square, equal to 49 sq. ‘ft., giving a pressure e of about 20 Ibs. per 
inch. The testing sgpllense consists of a square wooden block or 
- foot piece laid upon the soil to be pressed, its ‘upper surface being 
armed with a cast-iron plate with a socket to receive the pivot of “tg 
post on which the loading is placed; and a post provided with cross- oe 
arms and a platform to receive the loading, and a pin and guys at the 
to hold it in a vertical position. The loading consists of pig iron, 
the pieces of which weigh as nearly as may | be 80 lbs. each, to facil” 
= the estimate of the amount of loading. The compression from — 
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*Mr. Rowe ow tabulated the results of his tests of paints of various brands 


the loading is taken with s an engineer’s level, the rod being id on Mr. pele 
the cross-arms, and readings noted at each addition to the loading. or 
i There were but three tests made, and these were secured onl only by 
persistency on the part of the consulting engineer. 
In the first test the clay was tested at a depth of about 7 ft. below a ‘~ 
street grade or 54 ft. below the original surface. The clay was in its 7 
‘original condition, and was a plastic yellow mass mottled with a blue fi. * 
orslate color, and wet to full saturation. The wooden foot plate was 
1 500 Ibs. 6 Ibs. 0.000 ft. 0.000ft. 


7500 «0.018 «0,085 


500 35 5“ 052 er 105 


a The second test, also i in in clay, under similar circumstances, except 


that » foot a foot ‘ 2 ft. ‘square was used, gave the following results: bai 
1500 Ibs. 2.6 Ibs. aq amen. 
8500 « ty oon 0.028 
21500 87.2 0.019 0.008 
sli ne: as before. 


The third test on the Wabash was made in 1 the of 
 & pier foundation ‘pit at about 1 ft. below the original ground surface, 
the soil being an extremely fine, clean sand, the depth of which was 7 


y fine as sto be taken at first sight. 
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foot block are y was the same as in the second test. 


ing. “square inch. each loading 
0.000 ft. 0.000 


11500 « 
13500 


500 


3 It will be seen that in the first two cases the compression was accel- a 
+4 ae at about 20 Ibs. to the square inch, and in the third case at about _ 
mie” 4 40 lbs. In the case of the first two tests 20 Ibs. is the pressure at which ; 
the clay begins to flow, and may be e safely called its ultimate bearing» 
4 strength ‘under a static loading. “In the third test, however, the tow 
- ing could hardly have commenced at the point of acceleration, but it — 
must have been due to a softer, less stable stratum a few feet below. ‘, 
_ Hesitancy to incur any further expense i in this investigation prevented 
Loading at 20 lbs. per square inch i is probably entirely safe in sod 
_ like that of the third test, and in sand and gravel, but on clay, with 
_ a base of the same area, there have been cases of complete failure, just — ; 
8 the tests indicate as probable, the column with the pier attached — 
- swinging, g, and being supported only by the adjacent columns, as before — ef q 

stated. a The static load carried by each column is about 150 000 Ibs., By 
including the weight of the cars in the train, not taking into consid-— 4 
the disturbing elements caused by the impact of rapidly run- 

_ ning trains and of the tremor produced by the action of the brakes, 
the effect of which is difficult to estimate, but evidently. of very much aa 
importance. The last two causes are the main sources of failure, 
- the vibrations from the structure are transmitted by means of the © 

_ column to the pier and whatever movement reaches the clay upon 2 

which the pier rests very quickly affects its bearing qualities, for i in i 
_ its saturated state it becomes a semi-fluid very quickly. That this is ear 
due largely to impact seems apparent when it is stated that failure on 
- first manifests itself between stations where the speed is greatest. The — 4 : 
writer thi thinks this kind of foundation should not be trusted beyond 10 te 
per square inch under the existing conditions, and even then 
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pier be massive enough to take up largely by its Mr. 
“ inertia. — If the pier is too light for this, the interposition of 2 or 3 ft. “al 

of broken stone between the base of the pier and the be 

L M. Soe. C. E. 

a, A comparison of opinion on this subject 
sion shows quite a diversity of ideas, with the preponderance i in ww sel 
s of medium steel. Those who advocate the use of soft steel do so be- — 
- ease of one or both of two claims, viz. » first, when soft steel is 
_ adopted, reaming may be dispensed with; and, second, soft steel is 
ES safer than medium steel on account of its greater uniformity and less 
4 liability to crack. These claims do not hold, for the reaming of every 
_ quality of steel or wrought iron is necessary, not only to remove thein- 
s jured material, but also to ensure proper matching of rivet holes, and 
; the greater uniformity of soft steel as compared with first-class medium 

steel is problematical. Itseems from the discussions that there should — 

be a slight difference in ime ultimate strength of acid and basic steel, : 
¥ as suggested in the paper. Mr. Treadwell strikes the keynote to this q - 

— question when he points out that the limits — of soft and, medium steel 7 

overlap to ‘such an extent that ‘manufacturers often make the same 

quality of metal answer for both classes, and when he suggests a com- 

promise in the classification to suit the various manufacturers of 
structural steel. For such a compromise the author would suggest 

the following: Soft steel, 60 000 to 58 000 Ibs.; medium steel, 58 000 
to 66 000 Ibs. ; high steel, 66 000 to 74 000 Ibs. 
With this classification soft steel should be used for shai and ad- 7 
justable members only, medium steel for all other portions of all 

viaducts, elevated railroads, bridges of ordinary span lengths, and the 

floor sy systems and lateral systems of long- span bridges, and high steel — 


E the main truss members and pins of long-span bridges. 2 
i 


It is evident that basic open-hearth steel has come to stay, and tha 
| it will bo used ordinarily in preference to acid open-hearth steel on 
a account of its slightly lower cost. It appears also that the best results 7 
are not attained with the basic ; product by demanding an average ulti- — 
mate strength as high as 64 000 lbs. ; consequently, the proper thing to 
do is to lower the ultimate requirement to suit the manufacturers of , ee, 
basic steel. rr From the author's 8 experience during the last three years, 
he would consider that a range in ultimate strength from 58 000 to” 
~ 66.000 Ibs. would suit very well for basic open-hearth steel as at pres: 
ent manufactured. The soft steel, of course, would also be manufac-— 
tured by the elo open-hearth process, but the high : nee ‘ould 
_ Preferably be made by the acid open-hearth process. Rec 5) 
Sub-Punching and Reaming.—A comparison of the opinions on this 
F subject expressed in the discussion shows considerable diversity, with — a 
‘the in favor ‘claim that accurate work 
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NCE ON ELEVATED RAILROADS. 
Mr. liane and properly matched rivet holes: are attainable without sub- -punching, _ 
_ Such has, unfortunately, not been the author’s experience hitherto, Ee 
for he has had a great deal of trouble from badly matching holes in te A 
field whenever the sub- “punching was not called for. 
Anticipating claims in the ‘discussion that rivet holes will match 
properly without sub- punching, the author a short time ago requested : 
his chief inspector to procure for him from a certain prominent bridge — 
shop, where some of his work was then being manufactured, a couple — 
of dozen specimens of punchings showing by the template center 
a marks variations from correct location. Plate XI is engraved from * 
natural scale photograph of fifteen of these punchings, the proper ie. 
centers being indicated by the white spots, which were marked on the _ 
by y rubbing chalk into the center 


or by sub-punching and reaming. It took the inspector only about a 
minute apiece to find these eccentric specimens, which shows “<< 1 
badly matched holes at this ‘shop are by no means u ‘uncommon, ‘and 
confirms | the author's” opinion formed by previous experience with 
work from the same shop. The cause of such great eccentricity i 
certainly the objectionable piece- work syetem mentioned in Mr. 
‘Stowell’s discussion. | . In the author's opinion, -piece-work in bridge 
shops should be discouraged in specifications for structural -steel- 
work. _ Fortunately, though, such a bad showing as that given gs 4 
Plate XI would not be made by more than one or two of the large ) 
bridge manufactories, although Mr. Horton says in his - discussion | 
that j-in. eccentricities in punched work are of common occurrence. 
“The author's experience with two of the manufacturing companies on 
the Union Loop and Northwestern Elevated lines leads him to the 
conclusion that punching can be done with a general limiting 


variation of in. the effects of variations of 


has prepared the shown in Fig. 38. "They give the worst 
_ possible combinations of eccentric holes for ‘two, three and four La 
pieces of metal connected by {-in. rivets. It is evident from these 
diagrams that if the limit of +4-in. . variation be adhered to, and if the 
work be sub-punched and reamed, there will be no irregular holes to . ‘a 
fill by the rivets. If the holes be punched full size, the resultant saad 

holes will often be quite irregular and probably often not t completely 
filled. If the of in. yes permitted, the reaming will make 


In the author's opinion, inspectors hold down the prot 
to a general limit of variation in punching of in., 


| 
4 
ii. 
. 
filled by the rivets, but when the holes are punched full size, the 
— 
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Sub unched reamed toe V. f Mr. W 


The full circles of the the holes. 
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where there is a variation exceeding} in. 
Some one may remark that, if such variations as those just men-— 
‘tioned be permitted, the metal injured by the process of punching — 
will not all be removed by the reaming; but it must be remembered — 
_ that it is only an occasional hole in good shop work that will vary a5 
much as { in. from correct location, that not more than one- fourth of 
“the holes ‘will vary over zs in ., and that: most of the combinations of — 
“eccentricities shown in Fig. 38 will be, to say the least, unusual. = a 
_ The author’s experience on the Chicago elevated railroads has con- 
firmed him, as the same experience has convinced Mr. Weston, ea 
chief f engineer, in the ‘opinion that, except solid drilling, which as yet 
‘i is s too expensive, “reaming is the only method which will ensure an 
“exact coincidence of the rivet holes in the component pieces of the — 
various members of the structure’; and there has been nothing said — 
“ in the discussion which hich even tends to shake t the author’s conviction % 


= 


Cement and Concrete. — _Answering Mr. Hall’s question concerning 
- fineness, the author would state that there was no intention of exclud- _ 


No. 100 ) sieve. Tn fac fact, there was @ considerable amount of a nt 


mer 
cement used at ‘one time on the this was an extremely 


both superior and inferior limits for the tensile strength of ae 
- owing to a notion, which formerly prevailed, that a cement which de- 
_ velops its strength slowly is much more likely to retain it than one — 
which develops it very quickly. The author must confess that he — 
r is still prejudiced this way, but acknowledges readily that he may 
be wrong in we case of Portland cements. In case of the natural 
field the author does not specify the 
4 the air and water, as these cannot always be regulated conveniently ‘a 
but for laboratory tests he would do so. 
a _ Answering Mr. Stuart’s remark about the wide latitude allowed for Be 
= tensile strength, the author would reply that his specifications are so ed 
a drawn as not to exclude a any really good cement because of a tendency % 
3 to slow setting, and, again, the results of briquette tests depend — 
a ; greatly upon the personal equation of the man who made the bri- i 
Answering Mr. Belknap’s remark, that a one-three-six mixture of 
concrete will have all the voids in the stone filled, the author would 
_- as reply that such would in all probability be the ca case, were the ‘concrete 


“a 


ing foreign Portland cements by specifying that 909% should pass the _ mt 


— 

— 
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the paper, he prefers to use for bridge piers a one- Ahree- fie “ieee — 
= for concrete » deposited ix in the air, anda one-two- four mixture for con- po- 
a ‘The author certainly never intended to recommend an ‘“ “eminently 
 slow-setting cement” for concrete to be deposited under water. Mr. 7 
3 Belknap does not recognize the fact that none of the cement for the 
Chicago elev ated railroads was to be used in that way 
Paint.- —It is to be regretted that the paper has brought out so little 
discussion concerning the painting of metalwork. However, Mr. 
Rowe’s investigations as as but they are un- 
is often amusing to hear the of even well-i 
- formed engineers concerning the paint question. | Some say that the | 
: oil is everything and that any kind of a pigment will do, while others. — 
a say that the pigment is the sole protective agent and the oil only a 
solvent. J Some condemn in toto the use of thinners, while others say 
veh they improve the paint and add to its life. 7 Some say that ted 
lead is the only proper paint to use, while others claim that it is in- 
ferior to iron oxide paints. Some think that the last-named er 
_ make the best possible paints, while others say that they are merely 
- jron rust, and that their use is ‘simply an invitation for rust to de- ae 
velop. Some say that patent mixtures and secret process paints are all. 
: humbug, while others pin their feith to some especial mixture or mixt- _ 
| ures, or to some real or fancied manipulation of known or unknown — 
ingredients. — e short, the engineering profession is all at sea on the 
paint question, aad i is likely to remain there until some organized 
vestigation is made. In the author’s opinion, the subject is one of 
sufficient importance to warrant the appointment of a special commit- — 
tee ‘of the Society to to experiment at and investigate on the subject for a i a 
term. of several 3 years until valid conclusions can be reached. > 
The author’s idea of coating the metal with oil before it leaves the _ 
shelter of the roof of the rolling mill is to prevent rust from forming | 
while the metal is in transit to the shops or stored outside of the latter 
Waiting to be manufactured. This method would certainly give dhe 
ill ‘people s some extra trouble, but that could be paid for. It oan 
3 claimed, and perhaps justly, that the greasy surface of the oiled | 
metal gives trouble in laying off the work in the shops, and that —_— 
his account a cont of carbon primer at the mills is preferable. 
The author’s preference for Eureka paint was due primarily to the © 
high recommendation given it by A. P. Boller, M. Am. Soc. ©. E. PAs 
and afterwards to the results of Mr. Rowe’s preliminary experiments. a 
Mr. Rowe found, how ever, several other paints th that stood his tests as 


objection a coat of oil at shops after manufacture. 
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Paani heen soon it will receive ite first eon of paint. . The author has « often 
noticed metalw ork badly because it was only oiled at the 


covered with as mentioned by Mr. Boller, is a very re- 
prehensible practice, and should be prohibited in standard 


‘The great uncertainty on a the paint is due toa number 


- Permit ting r rust to form on the metal before ‘the fiat cont of ‘pai 


Applying the first coat improperly, covering from 


grease, etc., have not been removed. 


7 oa Adopting cheap paints from false notions of economy. __ 
Dishonest practices on the part of the manufacturer or mixer of the 


Carelessness in mixing g paint, and neglecting to keep heavy — 
Slovenliness in applying the paint to the metal. 
' . Using p paint that has stood in pots over night and has deteriorated ae 


Neglecting too long to repaint, and thus allowing rusting to 
‘The requisites for an ideal metal paint are the following : * 
a, Thinness, so that it can be aained readily, and so that it will cover 
comparatively large surface per gallon. 
Lightness of the solid that there will be no settleme 


_ Absence of blisters in both fresh and old a ere ‘ 
Aven to receive well and retain closely one or more dditionsl 
coats of paints of the same kind or of other kinds. 
The man who will invent a paint that will fill all eight of these | 
_ requirements, and who can demonstrate to engineers that he has done . i 
so, can certainly make a fortune out of his i inv ention. 
Four-Column versus ~Two-Column Structures.- —Several engineers ap- 
‘pear to with the author i in his preference for the four-column 


pra 


The “cantilevering | of an entire a column is ist rather 
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The thrust from braked trains can be more readily | ‘iaias care of Mr. Waddell. 
‘The four-column structure will prove ve more rigid than the two- 
Mr. Pratt’s objection to the four-column structure on account of 
= possibility of the settlement | of foundations is not a valid o a Lan 
ee properly | designed and built foundations will never settle. If a 
single settlement of a pedestal on either of the author’s Chicago lines 
‘ of elevated railroad ever occurs, it will be a matter of great surprise _ 
} to him, although he is not responsible for the sizes of the concrete 
pedestals, as Mr. Weston varied them to suit the different conditions © He 
os they developed. However, Mr. Weston has always tried to err upon 7 
the side of safety on this question of foundations, owing to the expen-— 
e sive experience he has had in repairing the faulty work on the old — 
portion of the Lake Street which was built before he 
Mr. Pratt’s unfortunate experience with pedestal may 


cc due to a softer stratum of material underlying the gravel, or per- — 


a haps to the fact that it is within the realms of possibility to double © 
; the pressure on one side of a pedestal foundation by the thrust of a a oe 
Pe As the author has designed the metalwork on the aici: 
oa _ Elevated, a settlement of one pedestal in a bent would be less injurious | 
P is to it in the case of the four-column structure than it would be in veal 
Gates’ objection to the four-column structure, because of 
os struction to traffic, will not hold, as this class of construction is used 
only on the company’s private property, where no traffic exists. ace - 
Braced T Towers versus Solitary Columns. -—The author's: braced tower 
design appears to have met with general approval from those discuss- 
= ing the paper, although Mr. Smith dissents therefrom, stating that the _ 
thrust from braked trains ‘‘is not conveyed, to any extent, to the © 
columns,” and that ‘‘ no bending can be produced upon the a . 
for it is counteracted iby the deck. ” 
a ‘These | statements are certainly incorrect, for no one will oe -" oa 
that there is a great thrust exerted by stopping in the shortest pos- — { 
; sible distance, with the air brakes, a train moving at a velocity of ie. 3a 
40 miles per hour, and that this thrust must eventually reach the pas 
ground. _ If there be longitudinal sway | bracing like that adopted for 
the Northwestern Elevated, the thrust will travel by: that; but, if not, a 
it must go by way of the columns and produce bending thereon. Ane 2 
It is true that the continuity of the deck tends to distribute this a 


place is a matter of surmise. . Some engineers appear 


forget that when a carrying a vertical load is 
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a lever arm for which is the total deflection. _ The column has there- 

a fore to withstand the combination of these se two moments and the ver. 

tical load. Mr. Smith says that the thrust upon one track is distributed _ 

over the other three. He forgets that two trains on contiguous tracks — 

_ will often approach a station at the same instant, running in the same 

a : "direction, with the brakes set. If at the same time there be a train or 

two trains “starting on on site tracks, all three or four thrusts will” 

in the same direction. Mr. Smith talks of setting the structure in 

motion before any bending of columns can oceur. He would reduce 

the question to one of dynamics, while it is, ) Upon the face of it, simply 


«© Were it. possible to design a column section in any case which 
_ would carry the load due to compression, w ithout longitudinal — 
_ strength, then some metal might, in this case, be necessary to with- — 
stand any light stress caused by thrust. This being impossible, how- 
ever, the conclusion is drawn that any metal used in any part of a 
‘structure to withstand horizontal thrust i in a longitudinal direction o 
'. _ This is a bold statement by Mr. Smith, and probably he is the first .* 
to express it so plainly, although some such erroneous notion must 
esate existed in the minds” of the designers of most of the older 
Mr. Campbell’s the Sioux City Elevated, where the 
4 effects of both longitudinal and transverse thrusts on the columns were — Ri 
= entirely ignored, is pretty conclusive as to the necessity of giving due 
consideration to horizontal loads. _ As Mr. _ Campbell states, the yew 
tion of the structure ‘ ‘ae plainly noticeable at a point 2 000 ft. away ee 
_ from the moving train.’ * The author has been told that during erec- 3 ea 
tion long portions of this structure moved as much as 2 ins. longitudi-— 


nally ‘and had to be moved back by jack- screws. 8. Tn this work the 


as Mr. Smith would advise ~~ 


Toillustrate the necessity for toking care © of longitudinal thrust 
tenction of trains, the author herewith reproduces extracts from a letter F 
oncerning the paper from H. G. Kelley, M. Am. Soe. C. E.: 
Many of the points inv volved are of special and if 
“4 cepted as correct will require a radical | departure « on certain lines from 


_ the present methods of design: 
The point to which my attention has been especially directed by 


r reading your paper is the resultant of the traction force exerted by : 
4 engines, and the effect of such resultant upon structures, due to the 
6 


passage of engines and trains. The mathematical principles involved 

will no doubt be brought forth in the published discussions, and while — 

your assumption that 20% of the greatest live load between two ad- 
gz jacent expansion points will act as a horizontal thrust may not be ; 
agreed to, nev ertheless experience has shown that 
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- able allowance should be made and provided for; therefore any facts 


eration wooden trestle-work, which constitutes a large portion of the 
bridging of this country, should not be excluded, for it presents valu- a 


=] 


* 


- obtained by actual experience in construction and maintenance will _ 
Ph assist materially in arriving at a true conclusion, and in this consid- 


neces. The structureisawooden 


_ able information concerning structures in which theoretical considera- ‘a 
4 


ong, notched down 1 in. over 


ties, and bolted to 


—— 
: 
— 
or “JT will therefore present one case coming under my own observa- 
tion, and in fact under my charge, which is an especially valuable one, 
showing, as it does, that a longitudinal vibration is transmitted 
cc a , upon the line of the St. Louis Southwestern Railway. This — ei. 
contained four piles, except in the dee 
were used to the bent; the piling was of oak red d 
Specifications calling for not less than 10 ins. of heart at the 
the deck was composed as follows: q 
Stringers...) 6x14 14“ Jong, 8 ply on each side, 
Ties .. 6x 8 « 9 “ long, with 12 ties to the panel. 
Guardrail. 6x 8 16 «1 


‘CORRESPONDEN CE ON ELEVATED RAILROADS, 
Mr. Waddell.‘ “6 Every cap was ‘drift-bolted to each pile under it, and each ad 
of stringers was drift-boltedto the caps. 
Upon examination of the drawing (Fig. 89), which I enclose, you 
“5 - will note that the trestle varies from 10 to 30 ft. in height, and has a 
_ total unbroken length of 9 338 ft., with three curvesinitslength, 
- **Upon assuming charge of the bridge department of the above. __ 
mentioned road several years ago, it became necessary to make a per- _ 
— sonal examination of the various structures, and I have selected the 
— ease of trestle 492 as one out of several trestles of unusual length 
_ where the same results were noticed. - My first inspection of this trest] 
_ showed a visible longitudinal variation ‘of such extent, under the pas- 
sage of trains, that a careful investigation was made to determine the 
extentandforceofthethrust, 
To make the following facts perfectly clear, reference should be 
i. - made to the accompanying drawing (Fig. 39). From this you will 
notice that at its north end the trestle connects with a bridge across 
_ the White River. This bridge at the time of the observation consisted _ 
- = an iron draw span of 355 ft., and two combination Pratt trusses of my 
125 ft. each, one span being at each end of the draw span; both of 
a these combination spans were upon falsework. The observations dis- 
closed that, when any north-bound train, even at a speed of but 12 — 
— an hour, rolled upon the trestle at its extreme south end, a 


longitudinal vibration was transmitted in a few seconds to the north 
end of the trestle, and by the time the train would reach the tangent, 7 
at station 902, the vibration at the span reached a maximum of 1} ins., 
this impulse being conducted to the span itself and vibrating it in 
- unison with the trestle, the measurements being taken at the point 
_where the rails of the fixed span rested upon the end floor beam rail a 
rests of the draw span. The construction of the trestle precluded the — 
- opinion that the vibration was confined to the deck alone, for the drift a, 
bolting to the caps made it certain that a portion of the thrust was — 
- communicated through the piling to the ground, causing the piling to = 
@ctasbeamsaswellas posts, 
oe I at once had constructed a system of struts to take up or reduce _ 
4 the thrust, the general plan of which is shown on the drawing (Fig. 39). ae 
It consisted of two yellow pine beams, 10 x 12 ins. in cross-section, BS 
running from the cap on one bent to a brace timber at the foot of the — 
_ piling on the second bent each way from the first one; and in addition — 
to this, iron tension rods, 13 ins. in diameter, were placed beside = 
and brought into tension with turnbuckles. 
_ “This system of strutting was constructed at two points in the 
trestle, and “practically takes up all vibration, but under the influence _ Be 
- 4 of a heavy freight train I have see these strut timbers buckle from } to z 
in. out of line in the direction of their least dimension. 
be “The necessity for this strutting has become so apparent that I 
susie for it on other important trestles of extreme length by using a 


: Had Mr. Kelley tried the experiment of bringing the train to1 res 
i. a suddenly on the trestle with the air brakes, he might have found a 
vibration even than the 1} ins. although this 


; 
2 
i? 
4 
= 4 _ timber struts from the longitudinal thrusts of heavy trains ought tobe 
sufficient to convince even the most skeptical that such thrusts do 
exist and that they are carried downto the sround by the golpmns. | 
— 


observations « on one of the New York elevated Mr. “Waddell. a: 
gives additional evidence of the effects of thrust from braked 


Hows any one can deny that large vibrations are injurious to metal- 


work, it is difficult to conceive; for, as before stated, they puta a double 

bending moment o on the elm, and tend to work loose the rivets a 

_ Mr. Nichols and two or three other engineers question the author’s © 

assumption of 20% as the coefficient | it of friction for the thrust ofa 7 

_ braked train. Senate ‘ine places it as high as 25%, w hile Messrs. os 

Cooper, Schneider and other writers of standard specifications make it 

‘¢ 20 per cent. _ As for the distribution of the thrust, the rails ae 

guards on tangents certainly tend to distribute it over some distance, 

ft: especially when the track is new; but, on sharp curves and with old ; 

+ track, it would not be proper to. ‘place much reliance upon such dis- 3: 
A Moreover, why divide up the thrust, when assuming it con-— 
a centrated produces such beneficial results to the whole structure by — é 
increasing its rigidity ? When the columns are fixed at both top and rs 
bottom, as is the case on all of the author’s Chicago work, thelever 
ar m of the thrust is only o one-half of the unsupported length of the 
‘colamn, consequently the bending moment and the section of column 
derived therefrom are by no means excessive. This is shown by the a2 
amall weights of metal of ‘the author’ 8 designs, as giv ven 

structure on  guivete geoperty, 385 Ibs. per foot per track for a 
_ track structure on same, 485 Ibs. per foot per track for a double- track — 

ee structure spanning a double-track cable railway in streets, and 1571 lbs. om - 
foot per track for double-track structure in streets ‘spanning 


from curb to curb with 41 ft. between centers c of columns. Itistrue 
that these figures are for the comparatively light live load assumed __ 
: for the Northwestern Elevated, but the assumption of a heavier live 
load would affect little else than the sections of flanges of longitudinal 
girders, and in street lines those of cross-girders also. 
From the tables’ in Mr. Nichols’ paper* entitled ‘‘ The Brooklyn 
b Eleva ated Railw ay,” the author has compiled the following weights of ‘° 
_ metal per lineal foot of double-track structure, omitting the weights — 
iS of station metal and not considering the ‘‘ Old Brooklyn Line.” For 
_ columns on curbs the weights run from 1095 Ibs. for a 32-ft spacing 
up to 1 469 Ibs. for a 45}-ft. spacing, and for columns in the street i‘ 
195 lbs. The corresponding weights for the Chicago Union Loop 
r %. 375 lbs. for aspacing of 41 ft., and 1 150 Ibs. for columns i in the street 
 Ifan interpolation for u 41-ft. spacing is made in Mr. Nichols’ weights, i ad 
1344 Ibs. will be found ; and, averaging this with the weight of struct- 
for columns in street, 1 270 lbs. is obtained, as against 1 263 lbs., 
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- guthor’ 8 are structure is a little lighter than the average for cor- 
_ Tesponding li lines in Brooklyn, in spite of the fact that the author’ "S live 
load is on an ‘average for all parts of the structure 17}% "greater 
- that used in designing the Brooklyn nemty as indicated in Mi: 


te columns and fixing them at both top and bottom, let him stand t 3 
for a while on one of the » platforms of the Union Elevated Loop | of 
_ Chicago and note the vibration, then try the same experiment ona 
number of the elevated§railroads of New York and Brooklyn, and com- 
_ pare the results. He would probably be considerably surprised ; for Pa 
he e would find h: hardly a tremor « on the Chicago ‘Toad, \ while on some of BY 


from writing legibly in a note- 

Wooden Floor. —Replying to the ‘comments of Mr. Nichols and 
_ others | on the wooden | floor system | _ adopted, the author would state 
= ‘it was based | upon n the results of the experience of those a 


have been. operating elevated railroads for many years. Whether 
a — both inner and outer guards are requisite is certainly problematical. m4 
In railroad bridges the author relies on the inner guards to keep 
_ derailed wheels from receding far fro from the rails, ; and on on the out outer 
guards to space the ties and keep them from bunching. 
_ _‘Mr. Weston has made two or three improvements on the original — 
design for the floor system, notably the use of tie-plates. = oe 
Replying to Mr. Stuart’s remark concerning the use of short bet 
bolts, they were necessitated by the 5-ft. spacing of the longitudinal 


_ Mr. Pegram’ s design for a floor cross- ties, as adopted 


between pr be liable to cause disaster. “Fig. 
Telative conditions that would exist with in. ‘derailed 


iii. 
a accused Of extravagance 1n his designs because he proportioned | 
re ae a columns for the effects of thrust from braked trains and endeay- sae 
d throughout his entire designs to conform in every particular 
= th the principles of design enumerated in his paper, 
— 
— 
— 
— 
— 
— Se : that the trough will collect snow and sleet, which in a col 
would be liable to freeze to such an extent as to stop t 
author cannot agree with Mr. Tomlinson’s view tha 
a spacing for 6 x 8-in. ties is an improvement on a l4-in. 9] 
the reason that a derailed wheel has a pretty deep hole to 
oe eee tw 1 when the open space between ties is 10 ins. wide, and that the bump- 
4 


Answering Mr. Belknap’ charge expressed thus, is difficult Mr. ‘Waddell, 
conceive that a railroad company would the grossextrav- 


—agance of using the ‘most of timber when the preserv ative 


ical,” the author would that, in for bids on on timber, 
two specifications were used, the first being the author’s calling for 
a clear heart timber, and the second that of the Manhattan Elevated 4: 
Company allowing a certain amount of sap wood on the 

corners. The difference in the lowest bid on the two ) specifications — 
u amounted to about 50 cents per thousand, so the president of the _ 
railroad company himself decided to adopt the heart timber. Inspite 
iM of what Mr. Tomlinson says to the contrary, the author thinks that — ‘ 


+ this was a wise decision, for it is the sap w wood, both treated and ™ ta 


| 


ata rads. —It is possible that 


author has, mech’ to his regret, given ‘offence to certain engineers 
_ by his sweeping assertion that ‘‘ the results of his investigation, asfar 
as the designing of the metalwork is concerned, amount simply tothe 
cumulation of a great mass of information exemplifying ‘how not “i 
do it. vate Such was certainly not his intention, although the ‘statement 
was made with due intent and to accomplish an important object. 4 > 
Menor yer, later and more extended examinations of existing str cum # 
“ The r raiso rétre for his statement is that, when both the Wabash - 
Avenue Extension of the Lake Street Elevated and the Northwestern 
_ Elevated contracts were about to be let, the strongest kind of pressure B ae 
was brought to bear upon the president of these companies to induce © : 


im to set aside the author’s plans and and specifications | and to adopt — 
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CORRESPONDENCE ON ELEVATED RAILROADS. 

Mr. Waddell others ‘submitted by bidders on the plea that the latter: were the same : 
as those used for the New York and Brooklyn elevated railroads, 


por manufacture. It was with great difficulty that the author overcam 
this opposition; but, thanks to the sound business policy of the pres 
ident, he was finally successful in having both his plans and his speci- | 
fications adopted and adhered to. Were it not for this stand which | 
he then took, the unscientifically designed and crudely manufactured 
structures: of the New York and Brooklyn, elevated railroads ‘would 


withstanding the fact that the Metropolitan Elevated of Chicega, then 

_ in course of construction, is in most particulars greatly their pate 
‘The true reason why elevated railroads have been so unscien-" 

7 -tifically designed in the » past | is that, as a rule, the designing has 
been left almost exclusively to the manufacturing companies, which, 

being more interested in profits than in anything else, naturally 
tailed the metalwork so as to have it go through the shops quickly © 
and erect readily; and all considerations of scientific design appear to 
have been ignored because of these 

__The intent, therefore, of the author’s ‘‘ sweeping assertion” is to 
® establish for all future elevated-railroad work a precedent for taking 
_ the designing and the preparation o of the specifications entirely out of 
the hands of the manufacturer of structural metalwork and placing 


them where they belong, viz., in the hands of the consulting engineer — 
and expert in such construction. Whether the attempt will prove a 
successful or not, remains to be seen. 
Thanks to the courtesy of Mr. Clarke, in forwarding an an advance 
copy of his discussion, the author was convinced of the necessity of <4 
having a thorough examination of all the New York and Brooklyn — 


_ him to answer properly, not only Mr. Clarke’s ‘Meventienl also ce 


a those of like tenor, the writers of which take exception to the author’ “oe 
“sweeping assertion.” It was therefore decided that the author 


. chief office assistant, aif G. Hedrick, Assoc. M. Am. Soe. C. E., should 
proceed east to make the necessary examination and ‘Sepert. _ Follow- 
ing are extracts from his le letter of instructions: 
You will please proceed to New York at your earliest convenience 

_ and examine thoroughly all the elevated railroads of both New York — 
and Brooklyn, with a view to ascertaining whether they show any signs j 
of incipient failure, and, if‘so, what such failures consist of and the . 

causes thereof. After your examination is finished, you will please 
make me a full and elaborate report of the results of your investiga- 
tions. In this report I desire you to point out all departures in detai 

ing from the requirements of good construction as outlined in my 

paper on elevated railroads, and indicate the evil effects of such de- — 

partures, if there be any. You will, when in New York, call on the 
of the American Society of ‘Civil Engineers 


— 

— 
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include in your Mr. Waddell. 
 yoads that are raised in said discussions. In reporting to me you will 
please answer all such points, so that [ can incorporate your report in 4 
my résumé, and thus let you reply for me to the statements made in 


can In accordance with these instructions Mr. Hedrick spent a couple | : i“ 
‘E> weeks in New York and Brooklyn making his investigations, and rine 
 gfter his return presented a report from which the following extracts 
“Referring to the discussion of O. F. Nichols, M. Am. Soe. ©. E. 
_ the writer is of the opinion that in most instances in the New York and 
_ Brooklyn lines the connections of columns to foundations are strong > 
enough to take care of all stresses that ever come uponthem. Plenty 
of anchor bolts are used, and these are carried well down into the + 
foundations, and the cast-iron bases grip the feet of columns firmly, so 
Jong as the cement or filling used between the column and castirgis 
well preserved. Where columns are placed in the roadway, cast-iron _ = 
pases, such as are used for the Second Avenue line in New York, or © 
for the Kings County Elevated in Brooklyn, are probably as satisfac- __ 
tory and economical as any that can be used. But where columns are __ 
on curbs, or on private property, the column foot shown on Fig. 5, | 


a bolts are used for each column, and they are placed very near the Ag 
corners of the base plates; therefore the strength and rigidity of the 
eonnection between the column and the pedestal depend entirely on 
the ability of the corners of the base plate andangletoresist bending, 
— style of base is certainly not so strong as where the anchor bolts ? ” Ae 
pass through bent plate lugs which are firmly riveted to the feet of = 
columns, as is done in the detail used for column basesonthe North- = = | 
__-western and Union Loop Elevated Railwaysin Chicago, = | 
_ Tn regard to the actual amount of longitudinal thrust load from ; 
_ braked trains, and the distribution of this load over the structure, 
there seems to be considerable difference in opinion among engineers, 
z ~ and Mr. Nichols takes a very decided stand against the assumptions © 
used in designing the Northwestern and Union Loop Elevated Rail- — 
While it is no doubt true that the assumption that 20% of the 
greatest live load between two expansion joints acts as a horizontal | 
_ thrust upon the columns between same is on the side of safety, yet it — 
isa fact that light columns and weak connections between columns 7 
and cross-girders are probably the causes of more vibration in the 
existing elevated structures in New York and Brooklyn than areall 
_ the other objectionable features combined. On allofthesestructures, 
excepting in one or two instances, a very perceptible longitudinal 
vibration can be felt when the brakes are applied to atrain, and in the 
_ taller portions of the Second and Eighth Avenue linesthese vibrations __ 
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seem to have an amy on joint in éach panel, 
hese lines there is an expansion joint it a 
“On most of these li h bent act alone in resisting the longi- 


r. Waddell. tudinal thrust that may « come upon the pa aati attached thereto, except- 


of course, the aid it may receive through the track system. 


7 “a **The writer cannot agree with Mr. Nichols in regard to the con- a 


- tinuity of track and the consequent distribution of this horizontal 
thrust or traction load, as all joints in the track rails and guard timbers 
— must adjust themselves for expansion and contraction of the metal q 
‘superstructure, and consequently the whole structure is practically 
= over expansion joints; therefore the most scientific and 
rational way to design the columns and cross-girders is to proportion is 
ei _ them so that each section of structure between expansion joints can 
_ take care of itself entirely independent of any other part of the structure, _ 
~ “On the portion of ‘the Suburban Rapid Transit Line which rests w 
on brick piers there is, as stated by Mr. Nichols, absolutely no vibra- 
a tion, although the longitudinal girder construction is similar to that ee 
3 other portions of the structure which are supported on steel columns — oo | 
and in which there is considerable vibration, yet not so muchasin 
a _ many of the older lines. This structure on brick piers certainly de- age 
- monstrates the truth of your column theory in a most impressive way, 
- ti shows conclusively that the great cause of vibration in ordinary :3 
construction lies in the columns and their details, and the writer is 
therefore convinced by his observations that metal, properly applied, pA 
is never wasted in columns, although the sections may seem heavy. 
- *On none of the elevated railways in New York “and Brooklyn i is o 
any attempt made to carry the longitudinal thrust directly into the see 
columns by lateral struts, and consequently there is considerable cross pid 
bending on the transverse girders where the columns are placed on the | 
curbs and where the tracks are located near the center of the streets. _ 
a But this bending does not affect the structure so much where the 
_ cross-girders are double and where the columns are in the street and | 
the tracks placed over them. The bad effects of this bending are — 
3 noticeable on some of the down-town lines, in which there is a slight 3 
canting of the cross-girders when the brakes are applied to passing | 
trains, and in some cases the bolts attaching the longitudinal girders P 
to cross-girders have to be frequently replaced. 
_ * By extending the lateral bracing out to columns and thus firmly am 
. ff fixing their tops, as is done on the Union Loop Elevated Railway in | 
is Chicago, the bending on cross-girders is entirely avoided and a much % 
more rigid construction is secured, which can best be appreciated by — 
standing on the last-named structure while the brakes are applied to 
trains. The writer regrets that he could not take vibration curves on 2 
the various structures he inspected so as to give a more definite idea | 
of their relative rigidities, and prove conclusively the superiority of — xf 
the well-braced structure. 


_ The writer agrees with Mr. Nichols i in regard to the spacing of 


r expansion pockets, and the greater rigidity of the structures in which — 
at . they are spaced from 150 to 250 ft. apart is very noticeable. — the 


limiting distance for spacing expansion pockets ‘depends upon the 
stresses produced in columns by the expansion and contraction of __ 
longitudinal girders due to changes in temperature. _ The more rigid 3 
the columns, the greater will be the temperature stress for any given 
distance between expansion pockets, and vice versa. Forthe Union — : 
Loop the limiting distance was found to be 150 ft., but on the Subur- 
ban Rapid Transit Line, with expansion pockets 250 ft. apart, the 
metal in columns is probably not strained any higher by temperature © 
stresses than that in Union Loop columns, on account of the much 
column section used on the Suburban ‘Rapid Transit Line. 
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CE oN” ELEVATED RAILRO ADS. ie 
“Tn vege’ to column sections, there is certainly a great Mr. Waddell. 
of opinion among engineers, as is evident by the many different styles 
‘used on the lines in New York and Brooklyn, and it is certainly a i 
difficult task to design a column which is satisfactory in every respect. i 
‘The Phoenix column anda column made of two channels laced _- 
_ gether are used on the New York and Brooklyn elevated roads more 
than are any of the other styles. There are objections to both = 
these columns . The Phoenix + onl is inaccessible for paint on the © 
_ inside, and consequently its interior is subjected to the unmolested — 
-Tavages of rust. It may be claimed that no moisture can get inside 
the column, and therefore that there is no necessity for the application | 
of paint; but that an abundance of moisture and water finds its way 
to the inside of these columns is proved by the fact that during the 
winter season these columns are often burst open by the freezing of | 
the accumulated moisture inside. The possible occurrence of such a 


«The two-channel column with double-riveted lacing i is certainly 
the most satisfactory column used on any of the elevated railways in 
New York or Brookiyn, but in most instances its efficiency is largely 

destroyed by cutting the column off below the bottom of the cross- 
girder. - The Fifth Avenue Line in Brooklyn and the Third Avenue 

Line in New York furnish examples of this defective style of con- 

struction, and will be considered later on inthis report. The columns x 
built of two channels laced together usually have the webs of chan-— 
= nels placed parallel to the center line of structure, so that the webs — 

of channels carry the shear from longitudinal thrust, and the lacing 

carries the shear from transverse loads. The double-riveted lacing is | 
surely ample to carry the transverse loads due to wind, but on curves 
the centrifugal load could be much nfore satisfactorily carried by solid 

_ Webs, as there is in all cases considerable vibration from trains pass- 

_ ing around curves. Two 15-in. channels with webs turned parallel to — 

center line of structure do not give nearly as strong a section longi- 
_ tudinally as two channels and one [-beam, the section used on the 
— Union Loop of Chicago. This I-beam column is just as satisfactory, 
_ as far as proper connections are concerned, as the two channel column, 
and is certainly much more re rigid in both transverse and longitudinal — 


“The: investigations made by the writer verify your assertion that 


all columns should be extended up to tops of cross-girders, —_— 
should be solidly rivetedintothem. 
«The assertion by Mr. Nichols that the later structures in New 
- York have the tops of columns so firmly fixed that the structures _ 
could be slid bodily over the ice without the 
- would, in the writer’s opinion, apply only to the Suburban Rapid 


connections to cross- -girders and columns, and are almost 
t useless as bracing. The rivets in these connections work loose, showing ~ 
that the details are weak and overstrained. JA straight bracket with a 
_ Solid web would be more efficient than a curved bracket, but pions 


: owed better than the angle brackets in such common use on the _ 
_ ‘Referring to the discussion by T. C. Clarke, M. Am. Soc. 6. E, 
the wi writer made a careful examination of the Second on Line © 
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\ORRESPONDENCE ON ELEVATED RAILROADS. 


Mr. Waddell. in New York, and in the following pages each of the eniiiiialas essen- 
tials of good construction given in your paper are applied to the above- — 
- named structure and the evil effects of the violation of these essen- _ 
1. Insufficiency of Rivets for Connecting Diagonals to Chor ds of Open- 
Webbed Girders.—The diagonals in the longitudinal girders of the “ 
Second Avenue Line are each composed of two angles varying in size __ 
from 6 x 4 ins. at ends to 4 x 8 ins. at center. The diagonals are of the | 
_ single-intersection Warren girder type, and in no case do they intersect _ 
= on center-of-gravity lines. There are only four or five rivets connect-_ 
_ ing these diagonals to the chords, and as there are no connection A 
plates in the girders, the rivets connecting the diagonals to the chords _ 
- bunched in such a small space that it is hardly probable that the __ 
full value of these few rivets is obtained. Some of these rivetsare _ 
_ working loose, but not so many as would be expected. Judging from 
_ the investigations made, there is probably, onthe Second Avenue Line, 
- an average of about twenty loose rivets per mile per month in the s 
-a diagonals of longitudinal girders. This number is only about one- — 
4 third as many as are found on the Third Avenue Line, but certainly i 
_ ‘many more than should be found on a structure w which has as been = py 
«2. Failure to Intersect Diagonals aad Chords of Open- Webbed Gira. 
ers on Gravity Lines.—In none of the longitudinal or transverse girders 
of the Second Avenue Line do the diagonals intersect on gravity lines, ‘ 
while near the ends of these girders where large angles are used these ~ e 
diagonals intersect in some cases as much as 8 ins. off centers. te ae 
__** It will be interesting to take the case of a 45-ft. span (Fig. 41) 
and figure the combined direct and bending stress on the top chord. 


‘c.0 The loads assumed for these calculations ar are the the same as were used in — 


designing the Union Loop. = 


Dead load per lineal foot of track as 
Totalload 200 Ibs., or, 1 600 Ibs per 


Moment at center of girder = = t x 1 600 x (45)* = 405 000 foot- 


pounds, Effective depth | of f girder = = = 3. 25 ft. Stress 4600 _ 


a. Bending o on top chord. ‘Let == 
=01W. 
Live load, M 000: x 42 = 46 200 inch- pounds, 


Iz 

= 

— | 
| 

Section for top chord, assumed, two 6 x 6-in. 72-lb. angles. 
Moment of inertia of top chord = 45 net. 

ae 4 q i* 


«Total fiber stress in of t due to com- Mr. 
pined direct load and bending = 13 421 Ibs. per square inch. This _ 
too high an intensity to use where the loads are so frequently oo ll 
ss they are on this line. The intensity used for the top chord mee , 
“Let us try the end detail of these longitudinal girders. 
shear = 22.5 x 1 600 = 36 000 lbs.; eccentricity = 12 ins. ; moment i ; 
= 000 x 12 = 482 inch- moment of in- 


certian section on A ae = 160 1 nets Ai = 


= 5385 Ibs. Stress in diagonal = = 5000! Ibs. 
4768 


j 
x 


Fie. 41. 
«This is too high to strain the top of these 
_ the above figures it will be seen that the eccentric connections are the _ 
cause of more stress in the top chords than the combined direct i 
= bending due to wheel loads. Such unnecessary stresses should — fo 
certainly not exist ina well-designed structure. = 
4. Failure to Proportion Top Chords of — Open- Webbed Longitudinal 
- Girders to Resist Bending from Wheel Loads in Addition to Their Direct 
Compressive Stresses.—From the figures made for Section 2, it will be 
seen that the stresses in top chord angles are not excessive forthe 
: hee direct load and bending due to wheel loads on top chords, 4 
but that the stress due to eccentric connections combined withthe 
two cases named above increases the total intensity to about 100% 
above what it should be. With proper connections the top chords of __ 
this structure would not be overstrained more than 45 percent. = | 
fi Sy “5. Insufficient Bracing on Curves.—On the Second Avenue Line no © 
bracing is provided on curves, except the ordinary stringer bracing. — 
Asa result of this neglect, the stringer connections on 
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. Waddell. are badly overstrained, and ies sivets. are continusliy working loose, 
_ ‘The bracing frames between adjacent stringers seem ‘to suffer espec- 4 
ially from the centrifugal load, and as the diagonals in these frames __ 
4 a are of small flat bars, connected by one rivet at each end, and at the 
i te intersection at center, they are entirely inadequate for the work oe 
°c 7 ; have todo. There is great vibration on all curves caused by passing — 

trains, although their speed is much reduced as approach the 
Twenty- third Street, where the line runs Firet Avenue 

to Second Avenue, there is a short tangent between two very sharp — 

ie 4 curves, and the lack of sufficient bracing is clearly shown by the sway- — 

3 ing of the structure in both transverse and longitudinal directions as 
the trains pass around these curves. “ae 
____ ** Rigid bracing frames placed at center of panels would add greatly — 
L to the rigidity of the structure. A comparison of the action of this 
a structure with that of the Union Loop Elevated in Chicago under 4 
similar loads and conditions would show the great advantage to be do 
from a rigid lateral system on curves. 
6. Insufficient Bracing between Adjacent Longitudinal Girders.—On a 
entire Avenue line the adjacent longitudinal girders ar are 


with 3 x 3-in. angles in the both top 
_ bottom flanges, with a bracing frame at each end of panel, and one or © 
more at intermediate points according to length of span. As stated — 
before, the diagonals in the bracing frames are of small flats and of 
very little value as bracing. The bracing angles between the adjacent 
longitudinal girders are ample to carry all stresses which cancome _ 
upon them al ere the structure is on tangent, but as no plates are used se 
for connecting these angles to the longitudinal girders, only two rivets ie 
are used to attach them to the girders. These two-rivet connections — 3 
do not stand the wear and tear of the constant vibration produced by 
the heavy traffic, and as a result many of these rivets work loose. The _ 
single rivets in ‘the bracing frame connections also frequently work 
E a loose. Enough metal has been used in the bracing between longitu- a 
_ dinal girders to makea thoroughly rigid system if properly distributed. — 
If the bracing angles between bottom flanges of girders had been .: 
omitted and the same amount of metal were used in providing suitable 
connection plates and rigid bracing frames joining the longitudinal 
girders at the center of panel, and if all connections were made with 
three or more rivets, the structure would be more rigid and there 
would be no trouble with loose rivets in the lateral 
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CORRESPONDENCE ON ELEVATED RAILROADS. 


e . 8. Excess of Expansion Joints. —In the Second Avenue structure, Mr 
provision is made for expansion in every panel, and this excess of ex- 
pansion joints is one great cause for vibration in the structure. Poo 
g Neglecting the continuity of the track, each bent has to take care of ae 
all longitudinal thrust from traction or braked trains coming on the 
iS panel which is attached to it. There can be no real necessity for the 


expansion joints on this line being placed closer than at every fourth os 5 


bent, or, say, from 175 to 200 ft. apart, and such an arrangement eee 
adda great deal to the rigidity of the structure. 
9, Resting Longitudinal Girders on Top of Cross-Girders Without 
‘Riveting Them | Effectively Thereto.—The attachment of longitudinal gird- — 
a to the gross-girders on the Second Avenue line is the same for both = 
fixed and sliding ends, except that the holes for the bolts used in the 
aamedions at sliding ends are slotted and are provided with washers, _ 
while for the fixed ends the holes are made to fit the bolts or rivets. ee 
‘The connection of longitudinal girders to the cross-girders is not well _ 
designed to transmit the longitudinal thrust from the former to the © Z 
e latter. The bolts connecting the ends of the lower flanges of the © 
q ‘longitudinal girders to the cross-girders are missing in a great many 


" The end details of these longitudinal girders have a great deal to Bes & 
¥ commend them from a manufacturer’s point of view, as they are simple, 2 
_ and no special details whatever are required for the slidingends. 
eat ‘* 10. Cross-Girders Subjected to Horizontal Bending by Thrust of Trains. 7 
_ —No struts are used on the Second Avenue line in any case to carry the 
thrust from braked trains to column direct, but the cross-girders are _ © 
_ relied upon to carry this load in bending. Throughout the entire — 
; Fe line all cross-girders are composed of two separate girders, each of four pes. 
; angles and a solid web plate, or a lattice web system. These girders a 
& have stay plates between them at all points where the longitudinal gird- oo a 
_ ers connect to the cross-girders, so these heavy cross-girders are prob- 
ably amply strong to carry all transverse bending that comes upon them 
 inportions of the structure where the columns are located in the street 
_ beneath the tracks. But on portions of the structure where the 
_ ¢olumns are placed on curbs, the bending should be taken care of by | 
: means of struts extending out to the columns. On some of the down- ie 
_ town portions of structure with the columns located on curbs, there _ 
is a perceptible canting of the cross-girders when the brakes are 
applied to passing trains, and the writer was told by persons in a 
position to know that this torsion on the cross- se is the cause of 2 
‘great many rivets and bolts working loose. _ 
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Cutting oF Columns Below the of Cross-Girders and 
: ‘henge: Resting the Latter Thereon.—The columns on this line are all cut off Se. 
a: ~ below the bottoms of cross-girders and are provided with cast-iron 
_ caps which are bolted to the tops of columns and to the cross- “girders, 
~~" The cross-girders are double, as previously described, therefore they _ 
a furnish quite a large bearing area on top of colutnns. A large plate] _ 
‘jn. thick is inserted between the cast-iron cap and the bottom of cross- x 
girders, and about twelve j-in. bolts are used in the connection of bi : 
cross-girders to columns. This detail, of course, does not fix the tops * 
of columns in such a rigid way as the details used on the Union Loop — 
_ of Chicago, but the connection is as strong in every way as it is pos- a 
sible to make it when the columns are cut off below cross-girders. The 
_ writer could find none of the bolts in these connections loose, and he 
was informed by others that only a very few of these bolts had ever 
. are used between the cross-girders directly over 
“3 the columns, and it occurred to the writer that if a solid diaphragm 
had been put in between the two cross-girders, directly over the center 
of the column, riveted to both girders and bolted to the top of 4 


column, it would practically have made a fixed end of the top of 
column, so far as the cross-girders are concerned. Such details for 
tops of columns cannot be commended, because the only rigidity — 
“4 which can be obtained in such connections is due to the ability of the — = 
bolts to resist direct tension, and certainly better results can be = 


_ tained at much less cost by running up the columns and riveting the 

“12. Paltry Brackets Connecting Cross-Girders to Columns. 
‘brackets used on the Second Avenue line are small cast-iron at 
_ curved to circular yor en and bolted at one end to the cross-girders and ee 


Proportioning Columns for Direct Live and Dead Load and 
noring the Effects of Bending Caused by Thrust of Trains and Lateral — 
Vibration. —The columns used on this Second Avenue line are of Phoenix 
and contain ample metal to resist all stresses that ever come 
= them if they were firmly fixed at the tops in both transverse and _ 


longitudinal directions. The vibration in this structure is not due to i 
lack of metal in columns, but to numerous defective details as outlined 
previously. While there is considerably more vibration in this struct- as 
ure than there should be, it is, nevertheless, the most rigid and durable i 
ta any of the elevated roads in New York, excepting the Suburban > 
pall an. Rapid Transit line and the City Hall approach, and the better condi- | 
tion of this Second Avenue line is due largely to the great amount of = 
“as metal used in its construction. As nearly as the writer can estimate 
the weight of this structure, it contains “about 30° more metal per 
- i. lineal foot of structure than does the Union Loop of Chicago. A A large poz 
portion of this metal is in the columns and cross-girders. 
aout _ ** As before stated, the Phoenix columns on this line are often burst a 
=2.0) by the freezing of accumulated water on the inside of the columns. 
» etd, | This water must get into the column by the bolt holes at top, ange = 
, ‘ih _ which the bolts pass that attach the cross-girders to the column, also 
4 through the holes in the sides of columns through v A 
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§ = the column is set in cement or rust grouting. The joints between the 
—§ columns and castings are in good condition, and there are no evidences" 
of any springing or movement of the columns. Thecast-iron bases are _ 

2 extended far enough above the ground to prevent the dirt and moist- — 

ure from accumulating around the steelcolumn. The columns are not 
- badly rusted, considering the length of time this structure has been | 
built. Each of these cast-iron. bases is anchored to the masonry by | 
_ four anchor bolts which extend to the bottom of pedestal. The an- 
_ chorages are so strong that the columns and pedestals would act as one © 
piece if tested to destruction. There have been but few if any repairs 
made to the anchorages and pedestals, nor has there been any settle-_ 
ment of the foundations. It is the opinion of the writer that the 


pedestals, bases and anchorages are first class, and if all parts of the __ 
_ structure were as well designed as these portions there would be but | 
little adverse criticism tomake. = 
_ From the foregoing you will note that the writer does not agree _ 
_ with Mr. Clarke’s statement that the Second Avenue line conformsin __ 
_ general design to all of the seventeen essentials named in your paper, 
and maintains that Nos. 1, 2,5, 8, 9, 10 and 11 of the defects nameddo | 
exist in a very distinct form in the Second Avenue line, and that the pe ie 
evil results of such defects are plainly shown by the action of the 
_ structure under loads and by the necessity for repairs which are being ; 
Mr, Clarke’s figures of $319 per mile per yearseemalarge amount _ 
to pay out for repairs to metalwork alone, exclusive of painting and 
trackwork. The writer is of the opinion that on a structure designed © 
_ like those shown in your paper, the cost of repairs to metalwork alone 
would be practically nothing for the first 20 or 30 years; and with no 
increase in the live loads, the life of such a structure, kept well 


ts 


~ 


painted, would be indefinitely long, 
gs The writer wishes it to be understood that he does not criticise — 
the design of the Second Avenue line as not being wen, hy to the 


‘years ago, and that it has been by a process of evolution that the de-— 

_ signs of to-day are so farsuperior to those of the earlierdays. 

“General Criticism of All the Elevated Railwuys in New York and — 

_ Brooklyn.—In accordance with your request, the writer extended his — 

_ investigations to all the elevated railways in New York and Brooklyn, 

or in the following report will take up the 17 defective points men-— 

_ tioned in your paper, and apply them to all of these lines, and will 

_ show that some of these exist in all of the structures mentioned, and 
allofthemin some ofthe structures, 
__ 1, Insufficiency of Rivets for Connecting Diagonals to Chords of Open- 

_ Webbed Girders.—The longitudinal girders on the Third Avenue line | 

_ Were originally made with single intersection webs, each nee wn 

_ being composed of two angles; but with increased live loads and con-— 


t 


14. Omission of Diaphragm Webs in Columns Subjected to Bending. Mr. Waddell. 
off Phoenix column requires no diaphragm and is well adapted to 
Ineffective Anchorage; 16, Column Feet Surrounded by and 4 
Filled with Dirt and Moisture; 17, Inefficient Bases for Pedestals.—The 
| __basesof the columns are made of cast iron, and into these cast-iron bases _ 
of 
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ble 
iim 
rst 
lso ‘tant traffic these girders began to wear out so rapidly that it became 
ass Recessary to strengthen them. This strengthening was done by put- 
§ ting in another set of diagonals, each diagonal being composed oftwo 
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io. a centers and are riveted to them at their intersection by one rivet. No c 
1 3 connecting plates are used in any of the connections of diagonals to ie 
chords, and even with the additional set of diagonals the girders are 
“Tf the loads were equally distributed between the two sets of iy 
diagonals, the number of rivets in the connections of diagonals to 
=] chords would be ample; but, as the added diagonals are capable of wa 


taking tension only. they are of but little value, and the end connec. | a 
tions are still overstrained, as is shown by the number of loose rivets — a 
construction of the longitudinal girders in the Ninth Avenue 
_ line is very similar to that of the Third Avenue line. _ ee 
ss 6 Phe Jongitudinal girders in the Kings County Elevated are we 
mp better design ; for in most cases plenty of rivets are used, as ag 


diagonals are connected to web plates in top and bottom chords. _ 
Failure to Intersect Diagonals and Chords of Open- Webbed Gird- 
ers on Gravity Lines. —On none of the lines where lattice girders are 7 
used has there been any attempt to intersect the diagonals on gravity 
4 lines, and this is no doubt one of the great causes for the wear on these — 
**4, Failure to Proportion Top Chords of Open- Webbed Langitedind — 
é Girders to Resist Bending from Wheel Loads in Addition to Their Direct 
_ Compressive Stresses.—No webs are used in the top chords of longitu- 3 
_ dinal girders in any of the New York lines, but as the panels are very — 
short in most instances, the bending on top chords from wheel loads 
does not produce excessive strainsinthem. = 
On the Kings County Elevated, heavy web plates about 15 ins. £3 
wide are used between both top and bottom chord angles, which are 


ample to resist the bending from wheel loads in addition to the direct — 
stresses. The connections are eccentric, and the stresses due to the a 
bending from eccentric connections are greater than those from the 
‘ah _ **'To make a comparison of the details of the longitudinal givers 
oe used on the Union Loop in Chicago, and some of the New York and 
Brooklyn elevated roads, the writer herewith gives some typical de- 
tails of the different designs in Figs. 44,45,46and 47. =~ on 
: _ * By a careful inspection of Fig. 44, which shows the details of the — 
longitudinal girders used on the Union Loop, it will be seen that all 
diagonals intersect on the center-of-gravity lines of the chords, thus a 
_ eliminating all secondary stresses, while the diagonals of girders: = 
shown in Figs. 45, 46 and 47, do not intersect on gravity lines ; conse- & 
_ quently large secondary stresses are produced in all said designs. — 
“J will also be noticed that in the Union Loop design ample pro- iva 
_ vision has been made for bending on top chords, by providing a web 
- plate between the two top chord yg that large connecting plates = 


rivets are used in all connections of diagonals than in the girders of Fes 
The girders for the Kings County Elevated, Fig. 45, have 
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- Mr. oceans angles at the end ; but the aitiihiaiiai angles are cut off so near the 
i SS of maximum bending that there is a great shear on the few rivets Bu 
a. back of the section line AB which could easily have been avoided by — of 
extending the reinforcing angles back 12 or 15 ins. farther, 
er. Fig. 46 shows the details of the longitudinal girders on the Second Pel 7 
Avenue line, which have been considered previously. | 
mt “* Fig. 47 shows the details of the longitudinal girders on the Third ae 
cums line since they have been re-enforced. The eccentric connec- 5 
q tions, light top chord section, and few rivets in all connections should aid 
_ ** There is one commendable feature of the girders shown in Figs. 
- 45 and 46, which that shown in Fig. aa does not possess, and that i is 33 


MOLES AT FUXED END. 


3%" 918 


Joours WITH SLOTTED HOLES 

SLIDING END AND 4 RIVETS 7 

END, 


4 the the top flange ‘angles above the cross- ‘This 


arrangement of girders gives an unbroken surface (of 
girders on which to lay the ties. WEAR 
«5, Insufficient Bracing on Curves.—No special lateral bracing is 
used on curves of any of the New York and Brooklyn lines, == pe . 
Insufficient Bracing between Adjacent Longitudinal Girders.—On 
ts Second Avenue, the Third Avenue, and the Ninth Avenue lines, _ aif. 
both the top and bottom flanges of adjacent longitudinal girders are rt 
braced together with angles connected to girders by two rivets, no con-— 
nection plates being used in any case. On all of these lines there are 
loose rivets in the bending connections. = | 


— 


— 
; 
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has examined, this one is undoubtedly in the worst condition. The _ 
evidences of wear and tear are too numerous to mention. The vibra- « 
tion is excessive, and loose rivets are plentiful. 
«8. Excess of Expansion Joints. —-With two or three exceptions, allof _ 
the lines in New York and Brooklyn have expansion joints at every  ) ; 
panel. Two of the exceptions are the Fifth Avenue linein Brooklyn, in 


which the sliding ends are placed at every third bent, or about 150 ft. 


DETAILS OF FIXED AND SLIDING ENDS ARE SAME, EXCEPTING an 
THAT HOLES FOR BOLTS ATTACHING LONGITUDINAL GIRDERS 
ONE SLIDING END IS PROVIDED IN EACH PANEL. a= 


SAME FOR TOP AND 
BOTTOM FLANGES. 


BRACING FRAME 


CRO8S GIRDER 


ik DETAILS OF BRACING FRAME. 


m wi whieh the 


— 
ets ened Top Flimges.—Pony truss spans are used on the greater portion 
by of the Sixth Avenue line, and of all the structures which the writer 4 
rd 
apart, and the Suburban Rapid Transit line, in which they are placed 
| at every fifth bent, or about 225 ft. apart. The longitudinal rigidity 
gained by spacing the sliding ends as in the last-named structure is 
& 
Resting Longitudinal Girders on Top of Cross-Girders Without 
Riveting Them Effectively Thereto.—Various details are used on the dif- — 
ferent lines for attaching the longitudinal girders to cross-girders. 
lia: The details adopted on the Kings County, the Second Avenue, and the * om — 
Third Avenue lines are shown in Figs. 45,46 and 47, and these are 
typical of those used onall of the older lines. On the Suburban Rapid 
‘fransit line in New York, and the Fifth Avenue line in Brooklyn, the 
longitudinal girders are riveted into the cross-girders, the top flanges 
ofthe former passing beneath those ofthe latter, 
The connections of longitudinal girders to cross-girders on the “a 
older lines are not designed to resist properly the thrust from braked 
trains, as will be seen from Figs. 45, 46 and 47. a 
— 
— 
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Mr. Waddell. great many of the rivets and bolts the longitudinal 
ai rm girders to the cross-girders work loose, especially t 


w cially those at bottoms of 
Oross-Girders Subjected to Horizontal Bending by Thrust of 


_ Trains.—On none of the lines in New York or Brooklyn is any special __ 
‘bracing used to carry the thrust from braked trains directly to the _ 
Poe columns, and thus relieve the cross-girders from the transverse bend- pnd 
ing which comes upon them. A slight semblance of such bracing is tape 

used on the Kings County Elevated, but the struts are of small single _ 
_ angles, which are placed in planes of bettoms of longitudinal girders f 


FALLS OF BRACING FRAME. 


STRINGER | 
BRACING 3°x 3 
SAME FOR TOP AND 
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= 22.66 ft.; thrust on one 


= 


= 
4 
“girders are all double, 
&§ consequently they are and when the columns are placed 
than are single-webbed gi 
— 
— 
stroug enough to carry 
effect of bra h anting of the cross-g f Chicago to” 
cases by the ted Railway o 
and in some Union Elevated lumns, 
ed on the ) the tops of colu 
bracing us 8, also to fix the tops oven 
shown in Fig. 44. From some nection the method used 
shown i t ing to give in this con f their details, 
q will be in f these struts and ive load = 1 8001 
ining the size o be 50 ft.; live loa 
termining n length to be ; total live 
ssume the span | for 150 span); 
uivalent load for 2 ficient of 
foot of track (eq 00 — 90 000 Ibs. 3; coe 
per linea: = 50x 1800 — g.;dis- 
iction = 0.20; longitu 


column =13 770 Ibs. ; the depth of ot longitudinal Waddell 
is 5 ft., unsupported length of column = = 16 ft. on Fig. 48). pai” Pek: ms Ris 
i As this bracing is designed to fix the tops of columns, aa as the 
of are firmly fixed by the anchorages, the lever om 


+ Stress on top strut = 25 


“The unsupported length of these ‘struts 4 ft. Least 


radius yration, two 4 x 3-in. 25- lb. angles = 2. Therefore 
ins 
= 40. Hence, these are good for 12 000 Ibs. per square te 
inch. They are, therefore, strong enough to fix the tops of columns. = 
From Fig. 44 it will be seen that eight rivets are used for the bottom — v 
se struts; then stress on each rivet in the connection for bottom strut - : 


42 246 


8. Tr r we wi in or inary ¥ wor king 


= 

‘From these calculations, it will be seen that the tops of 
- ¢olumns are fixed by these struts, and that all members and details — 
; 7 are strong enough to take care of the seemed produced by the as-  . 


sumed thrust of 0.20 of the live load. 


Having thus shown the method used i in the size of 
Bh iiads required to fix the tops of columns, the effect of this horizontal Hy 
will now be used in ¢ a column. 


“ Total 3090 Ibs. 
“ Total load on one column from longitudinal 
ers 8.090 x 50 = 154 500 Ibs. 


Total direct load on one column 
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«The total longitudinal thrust on one column, as given above, is 
3 770 Ibs. _ One-half unsupported length of column = 8 ft. or 96 ios. ; 
% ames on column = 96 x 13 770 = 1 321 920 inch-pounds. Section a 
15-in. 100-Ib. channels. Area of section = 32.3 


used for column sq. ins. 


web of’ beam is placed parallel to center 

7 “The moment of inertia of section = 1 300 net. a 
=a 8x1 321 920 135 
Stress from direct | load 6000 


direct load and bending moment = = 18 135 


hich is slow such an 1 unusual loading, as — is 


_ From the foregoing calculations it will be seen that all parts of 3 
the structure are designed to resist properly the assumed horizontal " 


thrust; and it is interesting to note also that, although all possible com- 
binations of stresses under the most unfavorable conditions are prop- 
4 erly taken care of, the structure does not weigh as much per lineal | . 


foot as some of the older designs in which no provision is made for — 
such stresses, although they are liable to occur. tg 

ie 11. Cutting off Columns Below the Bottom of Cross-Girders and 

Resting the Latter Thereon.—The columns of nearly all the structures 

- "3 in New York and Brooklyn are cut off below the bottoms of cross- — 

- girders, except in the City Hall approach i in New York, and ona pore 

tion of the line on Broadway in Brooklyn. . On the City ‘Hall approach ae 

the columns are built of two 15-in. channels, laced together with 

double- riveted lacing. The inner channel is cut off below the bottom 

of cross-girder, and the outer channel is extended to the top of cross- oa 

er the latter being riveted into this channel. This construction : 


is certainly much better than that used on most of the New York _ 
lines; but the connection would be more rigid if both channels were 2 
—— to top of cross-girder, and if a diaphragm were placed be- at 


curv ed bracket beneath the cross- girder. 


45 and at the same time “comparative 


4 which the cross- aoe are attached by means of bolts. This ie 
of construction, with its defects, was discussed i in connection with the 


ss ** On the Third Avenue line the columns are composed of two 15- : aio 


in. channels connected with double-riveted lacing, and are — 
out at the top to receive the longitudinal girders which rest thereon. _ 
- The connections between columns and girders are very weak, aan are 
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Rapid Transit line. New York. and given by Mr. Berg 
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to the en of shop inaninbenn: the channels often crack while being : Mr. Waddell. 
bent. Another objectionable feature of this style of column is that 
. where the concentrations from longitudinal girders come upon the 
edge of the column, there is very little metal to carry the load. There 
gre many failures in the details ‘at tops of the columns on the Third 
ty and Ninth Avenue lines, and in many instances bent plates have been 
The bolts and rivets which attach the longitudinal girders to the 5 
- tops of columns fail in a great many instances, and in some cases the a 
rf tops of columns have been reinforced with bent plates. A portion 


aes of the Ninth Avenue line is constructed in the same manner. On 


is ‘out off below the bottom of and the outer one is ex- 
tended up about 18 ins., and riveted to end of cross- girder. The | 
detail is similar to that used on the City Hall approach, but not — | 
ae 12. Paltry Brackets Connecting Cross-Girders to Columns.—The © 
brackets used on the Second Avenue line have been described, and the 1% 


Bs! same style of brackets is used on all structures having Phenix © 


wige columns on Third Avenueare flared out at top and thus ie 
_akind of bracket. The brackets on the Sixth Avenue line are made of 
3-in. or 4-in. T-iron and connected to columns and cross-girders’ 
by four small rivets about $ im. in diameter, at each end. These 

_ brackets are absolutely useless so far as prov iding any lateral rigidity 
to the structure is concerned. 
— **On the Kings County Elevated the brackets are made of two 3x : 
 3-in. angles connected to cross-girders and columns by three rivets or 

4 bolts. These brackets are very weak, and add but —* any i 

ibs A — of the Fifth Avenue line in Brockiys has brackets com- © 

posed of two 6 

: by four rivets at each end of strut. - These brackets are strong enough 
to take care of any stress that comes upon them. On some portions 
= of this line, where the structure is only of ordinary height, the 
brackets are omitted, and as the connection between cross-girders and _ 
_ columns is weak, as previously described, the tops of columns are 
_ almost free ended. This portion of the structure is very vibratory, in 
_ fact the writer believes the vibration at the Sixteenth Street station on 
ot line is greater than at any o other elevated station in New York or 
«The City Hall approach has curved brackets with solid webs 
The brackets on the Suburban Rapid Transit line are made of two — 
4x 3-in. angles, bent at ends onto cross-girders and columns, and con- — 
nect by six rivets. These brackets, and the superior details used to 
connect the cross-girder to column help to make the structure rigid 
13. Proportioning Columns for Direct Live and Dead Loads and 
4 laa the Effects of Bending Caused by Thrust of Trains and Lateral | 
Vibration. —If all details were made so as to fix properly the tops of 
_ columns in both transverse and longitudinal planes, the sections used 
for the columns on most of the lines in New York and Brooklyn would 
strong to carry satisfactorily all the that could ever 
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and do not require and on several 


‘1 _ writer could see no signs of failure in any of the lacing on columns, 
even where single riveted lacingis used. = 
Anchorages.—The writer believes that the anche 
- ages on nearly all the lines he examined are strong enough to cary 4 
a satisfactorily all the combinations of stresses which ever come oy 
Column Feet Surrounded by and Filled with Dirt and Moi sture,— 
There are a number of designs used for column feet on the different 
lines in New York and Brooklyn, but in nearly all cases the bases are gee 
made of cast iron, and are extended well above the surface of the : 
ground, serving as fenders where the columns are placed in the street. __ 
‘The feet of the Phenix columns are, in general, as well preserved as 
 eould be expected considering the age of these structures, and the 
little attention these bases have received. If the feet of columns 


were kept properly painted, and if the joints between the columnsand _ 
the cast-iron bases were kept well filled with grouting, these bases — 


would be entirely satisfactory, | 
«The bases of columns on the Third and Sixth Avenue lines and _ 
on a portion of the Ninth Avenue line are very different from those _ Et 
used withthe Phoenix columns. As well as the writer could determine, — se 


2 


- these columns, which are in the street, are set in a cast-iron base 
which is entirely below the surface of the pavement, and a separate 

- cast-iron fender is used above. These bases are not so satisfactory as 

_ those previously described, and in many cases the fenders are broken eae 

the feet of columns are badly rusted. = 
a «The column bases on the Suburban Rapid Transit line are made 
f cast iron and the bottoms of columns are filled with grouting. | ‘The 

of these columns are in good condition. = 
‘*On a portion of the line on Broadway in Brooklyn, the bases are 
made of cast-iron and are solidly riveted to the feet of columns. - These 5 a 

Ez rest on stone pedestals which project 18 ins. or 2 ft. above the 


avement and serve also as fenders. These column feet are in excel- & 1 
eat condition; the connections of columns to bases are very strong, . 
and their bases are in turn attached to pedestals by four anchor bolts. : 
“ 2s is no place for moisture or dirt to accumulate, and for dura- — .. 
bility and efficiency these bases are probably superior to those usedon __ 
any of the other elevated lines in New York or Brooklyn. » 14-3 ae 4 
"17. Insufficient Bases for Pedestals.—The writer could not secure et 
much information concerning the pedestals, but so far as he could oe 
; —- there has never been any trouble from the settlement of founda- oa G 
tions, and therefore it is probable that ample bases have been provided © coh 
© 18. Neglect of Painting the Metalwork.—It is surprising to notethe _ 
. false economy practiced on all the elevated railways in New York and 2 i 
Brooklyn, failing to keep the metalwork properly painted. It is 
a safe to say that there is not a single line which is not badly in need of oe ise 
_ ** Without doubt the almost unmolested erosion of the metal on he 
the older structures has done more to destroy them than the wear and i 
tear due to both the heavy traffic and the excessive vibration from de- Cae 
7 fective details. It is only a matter of time, and not a very long time 8 i 
— unless some very effective m means are employed to to arrest the — 


3 


— 
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ny ravages of rust, until the older structures will have to be a Mr. “Waddell. 
indeed remarkable that metalwork, the value of which runs up 
millions of dollars, should be left to rust aw ay, when a comparatively 
‘small sum of money, spent at the proper time and for the right kind of __ 
painting, would prolong the life of the structure indefinitely. % oo 
_ writer believes that the subject of painting should have received — 


to the companies, w are as me fror 
From what Mr. Hedrick says it will be seen that Mr. Clarke wasa 2 
ie trifle hasty when he stated that the Second Avenue line of New York — a 
conforms in general design to all of his (the author’s) sixteen ‘ es- 
sentials,’ although in details there are many differences. In truth, 
there are very few of said essentials of good construction that were not 
 diolated § in the design of this Second Avenue line; although there is 
_’ this to be said in its favor—a plentiful, or, strictly speaking, an ex-— 4 . 

travagant, use of metal reduces considerably the magnitude ofthe ill 

effects of the violation of first principles of design; and, considering Ls, 
—— - the lack of knowledge. about structural metalwork at the time it was ves 
yes § = designed, it is a creditable piece of engineering work. Nevertheless, 
if this is no reason why it should continue to be a model for future ele- 

‘Treated Versus Untreated Timber. .—It appears that Mr. Stuart and a 
Mr. Belknap question the correctness of the data . used i in comparing 2 

the real values of vulcanized and untreated timber, so it behooves the 
‘author to make good his premises. 
Most of his information concerning vulcanized yellow pine was ob- ob- | 

- tained i in . conversation with the late Colonel Hain, who was for ent te 

_ years general manager of the Manhattan Railway Company. Un-— 

_ fortunately there is no documentary evidence to verify the conversa- 
tion mentioned, but the author is able to give the following extract a 

© omaha a letter by Colonel Hain to Professor F. Holbein, , of ‘Berlin, Ger- 
many, which will substantiate the statement that the former ap] approv red a is 


ae vulcanized timber for elevated railroads: 


“We first began the use of vulcanized wood in the spring of 1883, 
= One million feet of vulcanized cross-ties and planking was placed on f. 
the line of our road that year, expressly to give it a fair trial on its 

merits. After the lapse of six years, a careful and critical examina- ag 
tion was made of the vulcanized material laid in 1883. We found it 
entirely free from decay, and as sound and sweet as the day it was 
laid. There were no indications of decay at the end of the as 


us planking, while the planks and cross-ties not treated, placed on the 
structure at the same time, were decayed at the ends and where they 
= were nailed or bolted tothe supporting timbers. = ~~ 
——— the foregoing examination, we have been using vulcanized 
" material exclusively on the line of the road. _ Actual experience has © a 
satisfied us that vulcanizing is far superior to any other known treat- 
for prolonging the life of timber. We find that vulcanized ma 
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CORRESPONDENCE ON ELEVATED RAILROADS. 
o1 
Mr. terial neither we wears out nor nor decays. We have had no occasion 
up any of it since we commenced itsuse. = 
Our experience with creosoted ties proved unsatisfactory.  Creo- 
sition seems to soften timber and weaken its spike-holding quality. ea 
We have found great trouble in keeping spikes in place, especially on .s 
curves. Spikes in vulcanized wood we find are as firmly fixed after 
lapse of ten years as when first driven. 
Baise Soest oor wood does not seem affected by wind, rain, heat or _ 
sun. Before we adopted vulcanized wood it was necessary to con- 
_ stantly employ 150 men painting our structure. Since its adoption, 
"i we have only 60 painters, who work on the iron part of the structure — 


exclusively. Vulcanized wood needs no paint to protectit. 
The average life of untreated ties and timber on our structure 
has been about five to six years.” 

Here is a distinct disagreement between Mr. Stuart and Colonel Hain 
eoncerning the life of untreated timber on elevated railroads. Mr. 
fi Stuart challenges the author’s assumption that the life of such timber 
os? _ is as short as seven anda half years, while Colonel Hain says that on his é 
ey * lines it has been about five or six years. The author’s experience with Pie 


ber trestles in various parts of the United States indicates a life of 
_ from five to eight } years for untreated yellow pine; although in veertain 
cases a couple of years longer duration has been obtained by renew 
ing defective parts and bolstering up the structure in different ways, — ‘ 
In order to satisfy Mr. Belknap’s s doubts ‘concerning the efficiency 
“of the vulcanizing process and the comparative values of valeanized 
- and untreated timber, the author has collected quite a mass of written _ : 
7 evidence, extracts from which are given in the appendix. __ a 
a Bearing Capacity of Chicago Soil. —The author regrets that, as pointed © i. 
d out by Mr. Weston, his statement that Mr. Rowe found the safe load = 
ll per square foot for Chicago soil as low as 1 000 Ibs., should cause any =: 
——_ concerning the character of the foundations for the e x 
Northwestern and Union Loop Elevated Railroads. Mr. Rowe’s dis- } 
in, though, will clear up any such misunderstanding. 
Best Style of Anchorage for Columns. _—Answering Mr. Nichols’ state- 
“3 peat that the author duplicated in his column anchorage for the Sioux ae 
City train-shed the corresponding detail used for the St. Louis Union e 
Depot the author would ‘Teply that the design 1 for the former was made a 


on 


in June, 1891, before ar anyone did any figuring at all on the St. Louis 


Best Sections for Columns.—Answering Mr. Nichols’ statements that ot 


20 one has ever | rmade a a very ew column from I- beams, and a 


him; for it would be difficult to evolve a more column 
for street work than that formed of two channels with an [-beam be- 
twee tween, as used throughout the Union Loop. _ The author does not 
mea mean satisfactory to the manufacturer or to the erector, but satisfac- ar 


tory to the party who pays for and operates the structure. ‘These 
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\ORRESPONDENCE ON E LEVATE D RAILROADS. 
are not only ex extremely rigid, but also are well to Mr. 
resist deformation from the heavy blows to which they joy — a 
subjected by the street traffic. As for the Z-bar column of the North- 
western Blovated, one could not ask for better connections for detail- 
ing; and "certainly the column thus far has proved satisfactory i in 
every respect, although it has not yet been n subjected to the test of — " 
4 _ Replying to Mr. Nichols’ question as to why the columns for De-— 
signs 12 and 13 have larger sections than those for Design 3, the author 7 - 
- would state that the latter design involves the use of longitudinally — 
braced towers, while the other designs do not. In Design 3 there is © 
only direct vertical load on the columns, while in the other designs — 
_ there are both vertical load and cross bending. pk a 
Mr. Connor criticises the Z-bar column on account of its 
= manufacture; but when one considers that when the Northwestern " 
_ metalwork contract was let the pound price bid was very much lower 
_ than any price previously tendered on elevated work, a 
fe not only the alleged difficulty i in a manufacturing the columns, but also 


to zero. It be remembered that the chject in 
_ metalwork is to obtain results and not to keep down to the lowest — 


Connor are e defective for reason: “first, the is injurious 
‘ the metal, and, second, the bearings for the longitudinal girders are _ 

io inadequate. Mr. Hedrick refers to these points in his report upon the — 
New York and Brooklyn elevated railroads. 

———- Best Style of Expansion Joint.—The author never er claimed that he 
evolved his design for expansion pockets out of his inner consciousness. 

It represents simply an improvement on the older designs, in that the 

load from the longitudinal girder is applied as closely as practicable — 

: to the web of the cross- girder, and in that the weight of metal required _ 

is reduced to about a minimum, with due regard for both direct load 

and bending caused by eccentricity, 

Distunce Between Expansion Joints.—In respect to the best distance 
between expansion joints, the author would call attention to the fact 

i that when the columns are fixed at top and bottom, the etfect of variation — 

_ of temperature is greater than where one end is loose, and that the ex- _ 
tremes of temperature in Chicago are somew hat greater than those at _ 
New York. 7 On these accounts he still prefers to adhere to 150 ft. a 

the regular limit, with of 200 ft. at most, , where 
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Upon an assumed extreme of expansion and contraction equai to in. 
ot in 100 ft., although he considered it probable that notmuch morethan 
three-quarters of this would be found after erection, a 


Super elevation on Curves.—Mr. "Nichols remember that is: is 
"intended to operate the Northwestern Elevated at much 
_ speed than ever before adopted for an elevated railroad, hence the — ’ 
_ author’s “apology for a compromise between theory and practice i in 

using low elevations of the outer rail on curv 
ering Mr, Nichols’ surmise that none of the connections 


some sketches of the of the columns fer the 
_ these sketches it will be seen that the column tops are connected 
_ rigidly by an ample number of rivets to substantial struts that form = | 


_ rivets are in direct shear. ? It is shown by these sketches that ‘ close 
adherence to the scholastic methods has not led to the r retention of a 
of the antique errors of girder construction.’ 
pe _ It is evident from Mr. Nichols’ figures that the spans on his Brook- | 
lyn Elevated could have been made a trifle shorter, so far as economy — r 
is concerned; however, if he will deduct the | cost of all the lateral 
bracing, and will compare that of the longitudinal girders alone with — 
- that of the bent, he will not find as much difference as 30 per cent. ae 
“4 It is very easy to see that if the cost of a bent be practically conten ie 
. for small changes in length of longitudinal girders, and if the cost per 


S foot of the latter \ vary directly with the span, the greatest economy 


will exist when the cost of a bent is equal to the cost of the longitu- ae | 
= In order to reply to Mr. Nichols’ claim that an earth atonal 
with concrete retaining walls would be cheaper than the sented 
4 adopted for the Northwestern Elev ated, the author has made such ae 
_ design with an estimate of cost, and finds that, on the contrary, the 
embankment would cost fully 79% more. The data the estimate 


te Height of embankment above street, 16 ft.; width of han 
out to out, 48 ft.; thickness of both wall and nelteenens at top, 18 ins.; 
‘ thickness of wall at top of footing course, 3 ft.; that of buttresses a 
game elevation, 6 ft.; width of footing course for wall, 5 ft., and that 
for buttresses, 8 depth of foundation, 5 ft.; front face” of wall 
"vertical; rear face stepped off by 6-in. offsets; three horizontal 1}-in. 
: rods used to tie together each pair of opposite buttresses transversely — 
to line; vulcanized ties 8 ins. x 8 ins. x 9 ft. spaced 2 ft. centers; price o 
_ of concrete $7 per cubic yard; cost of metal 2.5 cents per pound; cost — 
of earth in place 30 cents per cubic yard; cost of excavation, waynes. 5 
- back-filling, 50 cents per cubic yard; cost of rails for both cases, $2per — 


lineal foot of track; cost of vulcanized timber in place $36 per M. = 
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the street, takes n ft. the alley 20 ft., leaving 100 ft. as Mr, Waddell. 


the length of each retaining wall, As it is not practicable to tie 


together opposite buttresses in end walls, the entire end walls were 
_ made of the same section as the buttresses of the side walls. viel Ce 


78% 00 
Rails, ete... .... 800 ft. of track “ 2 600 00 


fal... 20.000 at 2.5 5 cents $500 


Metal Structure over 


132 000 Ibs. at 2. 5 cents A 8 300 00 


Over street. 5556000 


Metal, per foot, 1 105 Ibs. at 2.5 5 cents. . 13 
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oe for the preliminary estimates of cost for the Northwestern Ele- = 
a 7 Moreover, they havesince proved to be almost exactly right, ex- £3 
“cept that the concrete in foundations was somewhat cheaper; but as the 
concrete for the walls will be more expensive than that in the pedestals — 
on account of the more complicated and larger forms required and the 4 7 
smooth finish of the exterior, it ‘it has been considered best to let the 


; “i The difference in cost } per foot in favor of the metal structure is 


$4.96, or a little over 7 per 


__ The adoption of the embankment design would increase the cost of 


‘ ‘Tight- of-way almost as much as it would that of the construction, for, — 
although it would not affect the price of the land occupied by. the 
structure, it would affect the amounts to be paid as damages to adjacent — = 
property. _ These will average as high as 30% of the cost of the land 
occupied by the structure. The reason for the smaller damages for a 3 7 
steel structure is that with it the railroad company is able to grant 
to adjacent property o owners access to the damaged property from the | 
_ right of way, which could not be done were the embankment design 
_ adopted. The author has been informed by one of the officials of the _ 
_ Northwestern Elevated, who is best posted on right-of-way matters, gy 
that the additional amount to’ be paid for damages on account of the 4 


~ embankment design would be not less than 15 per cent. wae 
_ The advantages of the embankment design are, first, a reduction = 
in cost of painting to one-third of that for the metal structure, and, os # 


the about 3 ft. To offset these there | are the 


of ground beneath the structure for ereomi purposes, small shops, a 
= - This last item is an important one, especially as the ground will 
- become more and more valuable for such purposes as the ci city con- 
_ tinues to grow and dev elop in the neighborhood of the line. — a 

_ Answering Mr. Nichols’ criticism of the design for anchor bolts, 

_ take the worst case on the Loop, where the spans are, » Say, 50 ft. long, 
: making the distance between expansion points 150 ft., , and load two of 
4 the three spans to the maximum, making the live load on one track 

~ about 200 000 Ibs., for which the thrust would be 40 000 Ibs., or 13 333 — es 


_ Tbs. per bent. The spacing of tracks being 12 ft. and that of the 


columns 22 ft. 8 ins., the portion of the 13 333 lbs. going to the nearer 
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—_ i - bottom of the base plate, is 25 ft.; and, as the column is fixed at ame 
the point of contraflexure will be at the middle, making the lever 
Ay 150 ins. and the overturning moment 1 500 000 


me In ¢ order to make all the conditions as bad as possible for the detail, ‘Mr. - Waddell. 
no live load will be placed on the bent considered, and as the. dead Piel eas? 
load per track, including weight of bents, is 800 lbs. per lineal foot, 
the dead load on the column is 40 000 Ibs. It is difficult to say where ~ 
is the center of upward pressure to ‘resist thi this s weight; but, if it be ms 
bry ‘assumed at the s same distance from the axial ‘plane as are the anchor 
bolts, or 93 ins., no great error will be made. _ This makes the right- Ae? 
= ing moment 380 000 inch-pounds, leaving ‘oe the net — overturning 
a moment 1 120 000 inch-pounds; dividing this by the 19 ins. between 
- opposite anchor bolts gives about 59 000 Ibs. as the stress on the two — 
anchor bolts. these are 1} ins. in diameter, the intensity or on the 
ie are will be about 17 000 Ibs., which, though high, is not excessive. ¥ o 
As this is the worst possible case, and as all the anchor bolts for — 
the line pedestals are of the same diameter, there is ev vidently sufficient — 
- strength i in all of said bolts; and, moreover, there is no great waste of ral ag ‘ 
metal in the anchor bolts for the shorter columns. Again, on various = 
- accounts one would not think of using bolts of much less diameter on _ ; 
account of possible future rust, especially as the is | reduced 
‘The next matter is whether the anchor bolts pace far enough into 
~ the concrete, as Mr. Seaman, Mr. Berger and others appear to question = 
the propriety of not carrying them down to the bottom. In the first _ 
Mace it must be that the mass sof concrete i is s traly monolithic; 


oy as one piece in 1 resisting manne. it will suffice if the tensional - 
strength of the concrete at the end of the bolts be as great as that of the the 
we _ Now it must be noticed 1 that only one pair of anchor bolts can i: : 
at a time, and that the ultimate strength of this p: pair is about 55 000 
a lbs. per square inch, or 194 000 lbs. The area of the concrete at - a Pa 
ends of the bolts is 49 sq. ft., or, say, 7 000 sq. ins. _ If the tension be a 
ss distributed uniformly over one- -half of this area, the intensity will : - 
to less than 60 Ibs., which is fr below ultimate 


bute their 
into the concrete, yp the anchor 
‘prove that the they are amply so; but, even if they are not, the anchor © 


pilates will proper. ‘distribution without o overstraining the 
evident that there is no necessity whatsoever for 
 €arrying the rods any lower than they were carried. 
connection with the pedestals there remains but one point to be 


¥ taken up, viz., whether the pedestals themselves have weight enough | 


to resist the assumed overturning for which the belie 
proportioned. 
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the worst case on the Loop, the point of flexure inthe column of 
“whieh is about 20 0 ft. above the bottom of the concrete, the base of the 


the base, moment is 200 000 foot-pounds. The total ¥ 
4 vertical load on the base is composed of the 40.000 Ibs. of dead load a 

on the column, the weight of concrete, which is about 66 000 Ibs., and E: 

the weight of earth « on top of the pedestal, which “amounts: to about 
000 lbs., making a total load of 142 000 Ibs. 
If the resisting moment of the weight is limited to that existing — 

_ when the intensity of pressure at one edge of the base reduces to zero, 
_ the lever arm of the resisting moment v will be one-sixth of the width of — 
base, or 1.666 ft., and the greatest resisting moment therefore will © 
be 142 000 x 1.666 or about 236 000 foot-pounds. ==> a 

It is therefore evident that, even if the earth about the pedestals ap 

were not tamped i in, the pedestals are large enough to resist properly 5 


the overturning effect of the assumed thrust used in proportioning the © : 


for the pedestals on the ated, the conditions 

4 are quite different, the anchor bolts, of which there are but two per - 
pedestal, being required primarily for the assum med transverse load of 
600 Ibs. per foot of span. If the length of the latter is taken as before 

. vat 50 ft., the total thrust is 30 000 Ibs, or 7500 lbs. per pedestal. The i 
- greatest unsupported length of column is about 16 ft., and, as both 
le are fixed, the lever arm is 8 ft., making the overturning moment 


60 000 foot- -pounds. - By assuming no train on the track of the column 


the only load on the column will be the dead load, which Sf 


amounts to about 32 000 lbs., and as its lever-arm is 7} ins., the resist- 4 
- ing moment will amount to 20 000 foot-pounds, making the net over- 

_ turning moment 40 000 foot-pounds, or 480 000 inch-pounds, for which © 
the lever arm is 15 ins., and therefore the « stress on the single ae 
a. 000 Ibs., or a little over 18 000 Ibs. per square inch. ae 

req _ The point of flexure in the column is 17 ft. above the base of the pd 
pedestal, thus making the overturning moment 127 500 foot-pounds. 
The total | load on the base of the 8- “ft. square pedestal © consists of © 
82 000 Ibs. on the column, the weight a of the concrete, , amounting to Ba 
about 48 000 Ibs., and that of the earth above the pedestal, amounting — 
to about 20 000 Ibs., making a total load of 100 000 Ibs., for which, as — 
in the previous case, the lever arm is one-sixth of the length of the 
base, or 1.333 ft., » making the greatest righting moment 133 000 foot- 
pounds, which i is a little more than the overturning moment, showi ing, 
as before, that, evenif the earth in the pits be not tamped, the pedestals — 
2 are of ample size to resist prope erly the greatest overturning moment 


It is therefore 


the pedestals on both the Loop and the. Northw estern Elev ated i is 
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ont that the to o these | designs Mr. . Waddell. 


Mr. Seaman says, referring to the New York and Brooklyn structures: 


me “These elevated roads, after twenty years « of service, under lends 

exceeding those for which they were designed, show no indication of 

Re such deterioration as would justify the prediction of the author that a a 
_ they will eventually be reconstructed because of their faulty details.” 


Perhaps Mr. Seaman will change his opinion about this after reading» 
Mr. Hedrick’s report. If on some of these structures 100 rivets per _ 
_ mile of double-track k elevated road must be replaced each month by Be, 
reason of their failure or working loose, as was stated to Mr. Hedrick, ie. 
does it not show that the details are greatly overstrained and that the - 
_ structure i is in consequence gradually wearing out? The author’sex- 
perience with ordinary railroad bridges of antiquated construction has - 

_ been that, when such struc ctures t begin to fail i in details, they sooner or a 
later have to be taken | out and replaced, in spite of all the patchw ork © 

7 ba Mr. Seaman asks for the details of the author’s estimates, meaning — 
_ probably th the e schedule prices adopted. _ The principal on ones are as fol-— 
Metal erected and painted, 2} cents per pound; timber 
hi place, $38 per M., B. M.; rails with their details and fastenings in P 
‘ ' place, three 80- Ib. rails per track, $1 80 per lineal foot per track; con- — 
erete, ‘per cubic yerd; and “excavation, including | back- 50 
What metal i is Sav ed i in ‘ec 7 is required for end stiffeners and 
er er plates for cross-girders as compared with Design 6, thus making a 
id the weight of ‘metal per lineal foot the same for both designs. ‘es . 


greater simplicity « of the horizontal Sos oe resulting from the abut- " 
ting of the outer longitudinal girders against the columns, notwith- 
standing the ‘‘ cross-girder and brackets,” ets,” referred to by Mr. 
Seaman. 

ae It would not be feasible in such a paper as this to give every detail 

of all the timates m: made. Le 

Answering Mr. Bouscaren’s questions, the greatest variation in 
ce "temperature was assumed to produce a variation in length of metal- - nun 

x work equal to to 1 in. per 100 ft.; the wind load (or more st strictly speak-— ds 4 
sing the transverse horizontal load) assumed was 450 Ibs. p per lineal foot 
for the double-track structure, and 600 Ibs. per lineal foot for the 
four-track structure; the speeds of trains assumed varied from 40 
& miles per hour according to the degree of the curvature; and all ptasres 


curves are compounded. ‘The intensities of stresses adopted 


In making the designs were as as follows: a: 


: of longitudinal plate golem, extreme fiber, 8 lbs., al- 
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» 12 000 — - 45-; columns for combined direct loads 


‘and bending of all kinds, including temperature effect, 20 000 Ibs., ee 
is 21 above the applies only to the : 
a various considerations necessitate a higher track level than that of wed 
_ Northwestern, for which the height is from 18 to 19 ft. The height of 
_ the car floor was a fixed quantity, as it had to be made the same as be 
= other lines using the Loop. 
Answering Mr. “Mogensen’s: remarks concern concerning a solid floor, 
G wane would state that the latter would not dispense with the use of | 
timber ties, unless it involved great noise in operation; hence, Mr. _ 
Mogensen’ s first claim will not hold. 
: As an example of noisy operation in a structure where there is ale 
timber cushion under the rails, the Park Avenue viaduct of the New a2, 
_ York Central Railroad may be mentioned. On this structure the noise oa 
cs a from a passing train sounds like that of an approaching tornado. wt 
_ If Mr. Mogensen were to make a complete design for a 
_ with a solid floor that ‘would be comparatively - noiseless, he would 
: 4 probably find, as the author has found, that the extra cost would 
amount tomuch morethan15 percent. 
ad There was an error made in the preliminary edition of the paper 
sl in respect to > the composition of granitoid, which has been corrected. * 
Mr. Stuart’s criticism, however, would now apply with still greater — 
_ force, as the composition is less rich in cement than was stated. As = 
al it was Mr. Weston who specified and put in this granitoid, the author Br ‘ 
4 wrote him, sending a copy of Mr. Stuart’ 8 remar ks, and has ——ae oa 


Mr. Stuart’s conclusions in respect to porosity of the ‘mixture 


which we have used for the pedestal blocks on the Northwestern Ele- | 
vated railroad are erroneous. The fact is that the texture of the fin- 
ished stone is very compact and free from voids. The mixture, when 


properly manipulated, produces a stone which resists perfectly the — 


= 


pedestals made this mixture. These have been during 
the past winter exposed to temperatures of 20 degrees below zero. I 
a: have only recently examined personally nearly every pedestal on the > 
line, and I failed to find one among them which gave any evidence of | 
“* As to the strength of the stones made from the mixture specified, 
they: are ‘superior in every respect to those made from the best 


7 


Mr, Waddell. flanges of open-webbed, riveted longitudinal girders, 9000 Ibs.; com- _ 
pression flanges of same for combined bending and direct load, 9000 
Ibs.; diagonals of same, from 6000 to 8 000 Ibs., according to the rel- 
ative dimensions of angle legs; flanges of transverse girders, 9 000 Ibs., 
————— 7 _ allowing one-eighth of the web to act asa part of each flange; columns — 
_in compression only 
fim 
Sh: 
a 


stones mixed with sand and cement mortar. pera it is the Mr. Wadde 
mixture in common use in Chicago for the best grades of cement side- = 
walks and continuous curb and gutter construction. Hundreds of 
such walks and gutters can be seen in perfect condition after hav- Rd. 1 
ing resisted the elements and extraordinary traffic for more than ten an 


author must take issue with Mr. Trocon concerning the fixed- 
ness of column feet, for he is convinced that where four anchor — 
2: per pedestal are used on his Chicago work, the columns and pedestals — 
are just as continuous as if the former were embedded in the latter to 
The author agrees with Mr. Parsons in his preference for design 
No. 8. It is the most satisfactory of all the double-track designs — 
¥ ‘figured upon, but, unfortunately, it could not be used on the Chicago — 
work, as all the double-track portion of the structure is located in the — 
“street, where a spacing of 17 ft. betwe een centers | columns i is inad-— 
_ Mr. Connor expresses his regret that facing the end angles of the — 
longitudinal girders was not called for in the author’s specifications. _ 
_ The specifications contained this clause: 


«The ends of all webs that abut against other webs must be faced rr aoe 
_ true and square or to exact bevel, and the end stiffeners must be placed — be 
i avy flush with these planed ‘ends, so as to afford betas bearing — 


or the ends of the attaching girders.” opts 


: a In order to comply ¥ with these : requirements the Union Bri 
"pany decided to make the end stiffeners } in. thick and to planethe __ Do 
ends of the girders after the stiffeners were riveted on, while the Elmira gy % 
Bridge Company chose to plane the webs first and then put | on $-in. iy 
stiffeners to fit the planed webs exactly. The latter company, how- 
ever, agreed to use thicker stiffeners and to rivet them on before plan- be 
a ing, in case the inspectors reported the work to be unsatisfactory when 3 - 
done by the method last described. No complaint on this score has 
4 as yet been made, or, in truth, on accountof any other matter concern- 
- ing shopwork; and the author feels that he cannot speak too highly 
i of the character of all the shopw ork done thus far on ~~ aici work me 


wt 


s of 
dnign for elevated railroads by the author is superfluous; but even even 
pre day in designing structural metalwork these principles are more 7 
+ often honored in the breach than in the observance. As for ‘“ guess- ok 
_ ing” as to the number of extra rivets required for a connection, when — 
the ‘required theoretically is small, the author maintains that 
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when the number of rivets required by pure theory comes out almost 4 
it is better to add another rivet asa matter 


‘The author agrees with Mr. Weston that, all things considered, a a 


a little more metal and involve somew hat clumsy detail at the 


# p to receive the ties. ; 
The author is glad to see Mr. Lindenthal’s remark about the separa- _ 


_ tion of incoming and outgoing passengers. If he » could have his own ¥ 


- way | on this question, the author w rould make this s a sine qua non in n de- se 


as he designed them, certainly provide for ah a separation; andit 
is to be hoped that they will be built that way, although there is now 


some talk of abandoning the exit stairways. 


Mr. Lindenthal has failed to recognize the fact that there will be a 


side view of the four-track of the Northwestern Elevated 


possible except at street crossings, and that consequently the differ- 

ence in depths of longitudinal girders at the braced towers can i 

_ never be noticed; therefore it would have been a needless } piece of ex- 

_ travagance to make the webs of the short girders as deep as those of a 
a In respect to t the question of «esthetics there seems to be such & i= 
- varity of opinion m that the author concluded to > consult several archi- 


ment thereof. He therefore wrote to Mr. Van Brunt, of the firm 
rin Brunt & H Howe, Kansas City, Mo.; Mr. Chas. . . Cummings, of a 
Boston, Mass. and Messrs. Carrére & of ‘York City, 


‘5 wecmen to decorate the construction of an elevated railroad, as 
illustrated in the last pages of your paper presented to the American 
Society of Civil Engineers February 17th, 1897. The opportunity — ce 
for the discussion of this difficult problem is so rare that Iam disposed — 
to avail myself of it seriously. The relations between our two profes- a} 
sions are growing closer, and it is important that we should understand — 

“Tt has been observed that among semi-barbarous nations forms of i 

_ art are developed from an instinctive conception of beauty, which has q 

_ free expression because it is not embarrassed or sophisticated in its 


= development by the knowledge of other forms of art ei: to 


4 — _ girders a little above those of the cross-girders instead of a little below. __ 
Union Loop, which connection was designed by the author, such a de- 
tail was adopted at the request of the officers of the Metropolitan Com- 
= pany. Ih future work the author would not attempt to make the top 
flanges of consecutive longitudinal girders continuous or semi-contin- — 
uous over the cross-girders: but would cut them square off soas to clear _ 
Na 
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resulting from other conditions of material use. Mr. ‘Waddell. 
Thus, civilized nations the accumulation and of 


- onment with the frankness aah; naireté by which the masters of classic 

and medieval times developed architectural style 

Ail ‘In this respect the modern engineer enjoys a distinct adv antage — 

over his brother, the modern architect. Fortunately in the practice of 

his profession he is not embarrassed by these grave distinctions, and 

Rr “his art has consequently progressed with the general progress of the 

a century. But when, in his bridge truss or his elevated railroad, he 

has evolved mathematically an economical structure, which commends 

itself to his own scientific judgment, and to the approval of those | 
os. capital he is investing in a purely commercial undertaking, and 


finds at last that the results are an offence to the esthetic instincts of 
_ mankind, the correction which he attempts to apply to satisfy this pat 
% pathetic instinct subjects him immediately to the very same em- | 
_ barrassments which beset the path of the architect. For almost 
invariably and inevitably this correction, as in the present case, is a 
_ Teminiscence or tradition from an entirely different form of structure, 

J is applied too late in the process of construction to make good 
art. In fact, the correction is an afterthought; it is applied toacom- _ 
pleted fabric, and forces it to assume an aspect which is not a har- v 
_ mionious development of its essential structure, but a concession to an 
arbitrary and conventional idea of beauty orgrace. 

id Re True architecture is construction carried to the highest point of 
\ - dey elopment without the necessary addition of any elements foreign 
cE to its own conditions of stability and strength. Structure cannot o 
5 “elevated into the domain of art merely by the application of —_ 7 

- ments. Ornament is contributory to a work of art and not essential = 

to it. A Cistercian abbey has no ornament, but its rank as a work of — - 

art is as high as that of a Clunisian abbey which abounds in the 

i. richest decorative accessories. Certainly the true function of orna- 

ment is not to conceal or obscure construction, but to illustrate it. 
highly appreciate the motive which has prompted your 
‘attempt at decorated construction, and I recognize the ingenuity with 
; which you have tried to solve this most difficult of all problems i 
design, but I beg to call your attention to the fact that this most 
praiseworthy effort would never have resulted as it has in your care- Each 
ful drawings if your mind had not been pre- occupied by the ageeahie 
effect of the construction of a stone bridge. It is evident, however, 
_ that, executed, the phenomena of perspective would destroy this re- 
semblance to this conventional type, and substitute some more or less 

' _ Unexpected and not entirely agreeable effects. It seems to me appar- 
ent, moreover, that the important arch form given to the longitudinal 
Ps web is not an evolution from its essential structure, but is imposed _ eee 
Upon it for the satisfaction of an ideal of grace; thatthe form of the 
brackets supporting the overhanging footway conceals, and ret al 

_ does not illustrate, the member which actually does the work; that the - 
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structure with which they have no and are a 
of forms invented for an entirely different material; and that the 
decorated entablature ‘is merely a thin screen which does not mrs 


is therefore with its and panels simply a conven- 
x ‘ tional and purely arbitrary symbol intended to agreeably beguile the te 
_ spectator. You have done what a very large proportion of men in my 
14 own profession would have done, if called upon to make your com- 
j pleted construction more attractive to the eye, but all this decoration 
is applied and not inherent. It does not illustrate the essential and 
- peculiar nature of the fabric and is not a part of it. Therefore, — 
according to ethics of design, however agreeable and interesting to _ 
the eye, it is really a costly and ingenious deception and is not true , 
_ _ “If the structure without such masks is ungainly and uncompro 
mising, the remedy to be sought for by the engineer should, it seem 
to me, be limited to bringing together the various members of | 
_ perfectly mathematical and economical construction with as mue 
ma elegance of line and precision and finish of workmanship as he can pos- 
_ sibly command. If he can use ornament, let him so use it as to illus-— 
trate the construction and not to conceal or weaken it. It is the © 
misfortune of the engineer that he is wiry te with a strictly mechani- _ 


and beauty. venture the proposition that, following the of 

- nature in “the evolution of natural forms, no construction which B; 
coarse or ugly can be perfect construction, and that the reasonable — 
gratification of the educated eye must be the measure of such perfec- i 


Centuries of experiment and study have been bestowed upon 


_ constructions in stone, baked clay, and wood, and certain ideals of | 
_ beauty and fitness have been thereby developed suitable for such con- 
ra structions. But the attempt to apply such ideals to constructions in 

iron or steel must result in error. The form which is beautiful and 

fit for the old materials will not necessarily be beautiful or fit for the — 

_ new materials. Time and repeated experiments must determine the 

character of the new ideals by which we are to measure and judge the 

_ final perfection which apparently we have not yet 1 reached in this de 

pertment 

___ ‘We have all of us, architects and engineers alike, repeatedly com- 

y mitted the same faults which are evident in the interesting example _ 
_ which you represent. Therefore, the critic must present his wry % 
ures with becoming humility. I have simply stated the truth as I — 

7 ; understand it, and I am very sure that your intelligen ive 


it in good part.” 


Mr. Cummings’ letter was as follows: 
‘I find the questions which you ask me rather difficult to answer 

categorically. I quite agree with you that as a rule the engineering “= 
_ structures which we are accustomed to see are unsightly and often a 

hideous. _ [have in mind, at this moment, certain iron bridges in my _ 
- own city, in prominent and most conspicuous positions, which are an = 

offense to the eye and to the taste of thousands, so aggravated that I _ 

_ have often thought that every structure of the kind ought to be sub 


— 
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which have as yet never been developed in the direction of that more _ 

— 

— = 
— 


CORRESPONDENCE ON ELEV ATED 


- delormity, and every attempt to ameliorate its y an extreme deserves to ol 
pie “Yet, if 1 am to speak frankly of the design concerning which you 
have asked my opinion, I must say that I do not feel that you have — - 
q treated the subject in the best way. Your design would certainly con- 

geal the rough features of the iron construction—the girders, the __ 


the struts, the rivet heads and the like—but the concealment 


instance where such an seemed to me successful ; 
_ fortunately such a violation of the principles of decoration is not } 
necessary. Every species of construction is capable of being made 
- comely if not actually beautiful, without any concealment or denial 
of its “materials or its methods. “Tf the great engineering structures 
have so far failed to bear out this assertion, it is because the engineers _ 
in the first instance, and in the second those for whom their structures __ 
are designed, have not yet felt the importance of making them attrac- a i 
“Tt would perhaps be asking too much of a , profession whose 
_work is of so strenuous and practical a cast as that of the engineer that 
he shall receive the training of an architect in design, but I think it 
_ not only entirely practicable, but entirely desirable and important that 
our schools of engineering should take some account of the possibility 
of so treating a problem of construction, whether of steel or stone, as to 
remove as far as may be done the reproach of ugliness and coarseness 
from the great structures which are one of the most conspicuous _ 
most characteristic features of our civilisation. 


& “We hee to acknowledge the receipt of your letter of April 20 20th, 
¥ with which you sent us extracts from a discussion on a paper which be? 
_ you read, treating of elevated railroads, and in which you ask for an 
a ** We feel very much complimented at being asked to advise you — 
in this matter, treating, as it does, a subject which has alw ays inter- 
_ In general, engineering works do not aim at beauty, and we 
think that this is always a great misfortune—whether the work be 
important, as in the case of a municipal bridge, or whether it be ao 
‘trifling, ‘as in the case of small railroad bridges. Any engineering ; 


oF bad influence on the general appearance of the panorama, and upon 


_ work is a spot in the landscape, or in the city, which has either a good B m5 


“The fact that the first aim of every work of engineering is ial 
- tical, that the essential qualities are strength, simplicity, and economy 
“of cost and of operation, lead many very able engineers to the conclu- 
_ Sion that they fail in these qualities in “the degree in which they —— 
artistic; and for this reason many of them are not only indifferent, 
‘are ‘opposed to having, their work 
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wi Waddell. to a misapprehension on on their ae of the | elements required to nae ; 
_ such a work beautiful, and perhaps also, to the fact that the usual ke 
of attempting this solution i is so often irrational, and seldom, if mes 
successful 
«It is, of ‘thing t to consult a skilled archi. 
tect as to matters of detail, such as ornamentation, the railing of a ” 
bridge, candelabras and other small details, which, if successfully de- 
signed, may add to the general interest of the bridge; but no amount 
of ornamentation can possibly add artistic interest to an engineering 
_ work unless the conception itself is artistic. In fact, ornament should 
be used very sparingly, and in an entirely subordinate manner. 
“We believe that the great difficulty is due to the fact that engi- 
neers, not having been trained in matters of art, do not conceive or 
7 plan their structures artistically. They should seek the advice of the _ 
me architect at the very start, so that the entire work may be Fe 
- designed and constructed on artistic lines, which may even make the . 
_ use of ornament absolutely unnecessary, or may make it of so little 
importance that it may be almost bad, and the structure still be 
‘* An iron structure, be it bridge, elevated’ railway ¢ or other, must 
= perfectly simple and rational in its construction; the material must 
always be used so as to express its individual character, | and not = 
4 either in its arrangement, proportions, or details, to assume to repre- 
sent the use, proportions, or forms of another material; the ae 


should be only as big as necessary to carry the weight; the beams or 
girders only as big as necessary for the spans; and the ornamenta- 
tion should be so designed as to be characteristic of the material and : 
_ of the process through which it is obtained, whether cast, wrought or 
_ _** In the case of an elevated railway, the conception is inartistic, as 
; well as irrational. There is no logical or artistic reason for encumber- 5 
_ ing a street or avenue, or other highway, with a purely utilitarian 
"structure such as an elevated railway. t destroys the outlook sod 
the light, and in every possible way the enjoy ment of the street or 
_ abutting property, as also the original purpose of the street; and it 
has no raison d’etre, excepting either the rapacity of the corporation 7 
_ which occupies the street in preference to buying its right of way, ee 
perhaps the necessity for having it there as the lesser of two evils, te 
whether ugly or not, where the right-of-way is not otherwise wate 
4 _ “The thing, therefore, that makes an elevated railway inartistic 
7 is the very conception of the idea, and not the execution of it. — We do 
not believe that it would be judicious to have, as it were, a structure 
decorated throughout; but whatever is done to make an elevated rail- 4 
way more sightly will have to be accomplished by designing it in the 
_ simplest and most straightforward way, so that the purely utilitarian ae . 
portion of it will seem as natural, simple and graceful as possible, and “4 
“| in contrast to the purely utilitarian mass of the structure, by devoting oes 
Os 7 some attention to the frequently occurring stations, and, w here possible, — 
& by breaking the monotony by an artistic treatment, such as a viaduct, 
_ or the introduction of masonry or other featares which may lend inte 
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= skilled at hitect ‘all “of their work of this character, as 
skilled architect enw in his work. 


CORRESPONDENCE ON SLE 
Sth works, that of the enginesr and that of the architect, partake both Mr. saat 
of the useful, the true and the beautiful, it seems indispensable thet 


As the opinions of the three architectural referred are 


“eel in accord on the question submitted, there is nothing forthe _ 
~ guthor to do but acquiesce gr acefully i in their decision and acknowledge 
that his design : for “an elevated railroad for a large city y where: expense 

is no and where ” is not a 


of sc 80 doing, for the reason that the of the e architec- 


engaged in the designing of structural metalwork to pay in future © 
more attention to the important question of architectural effect in their y. 
The euthor desires to here hearty thanks to Messrs. 


po consequently n no 10 attention has y: yet 
, *. paid to the development of artistic features in its designing, for engi- 
- neers have been influenced mainly by utilitarian and economic motives. a 
If the old ideals of grace and beauty that pertain to constructions in am 
_ wood and stone are inapplicable to steel, it is ni now in order to establish ae 


new ideals that will apply ante, and, as engineers in general have 4 


in the designing of ant cognizant ot the 
ae principles which guide the structural engineer in his designs, and who 
isan authority upon esthetics in his own line of construction, to make 
 aspecial study of the subject of the architectural features of steel ae 
bridges, viaducts and elevated railroads, write for the American 
Bociety of C Engineers an’ exhaustive | paper thereon, from which 
and from the subsequent discussions could be established 
governing from an artistic point of view the designing of all Gennen of — 
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and 
point out in what particulars he would change his plans and specifica- 
tions for the Chicago elevated railroads in view of the criticisms 
made in the discussions, were the said plans and specifications to be re- 
First.—He would reduce the ultimate strength for basic nie 


ir. Waddell. ig Seconid. — would 1 use carbon pi primer as the first coat of paint, and 2 


Third. —He would very carefully and the 
= «a ion . of the adv inability of of omitting on tangents either the outer or the 


Fourth.—He raise the top ‘flanges of the longitudinal girders 
about 4 4i ins. , above those of the cross- girders, and block up on the latter x 


APPENDIX. .—Data RELATING TO v ULCANIZED TIMBER. 


Dzar Sir,—A year or so ago much attention was given by railway 

journals, people who have to do with maintenance of way,andin- 

_-yentors, to the matter of ties for the road-bed. Columns in papers” 2 

ot many pamphlets were filled with articles on ‘metal and glass ties. 7 


or no attention was bestowed on the 


o receive the ties. 
to recive the tes. 


- offer the experience we have had with track timber on the Manhattan — 
elevated system in New York City, 
«When ‘constructed, the elevated roads were equipped with 5-in.x 
: .. in. x 8-ft. yellow pine ties planed on all sides. The timber was of < 
the best quality obtainable. It was not long before we discovered the =f 
ties suffering from decay. To the surface railroad man this may 
appear strange, considering that our ties are laid on iron girders. We — 
eS however, many peculiar conditions to confront, and the cost * ie 
tie renewals was a very serious item ofexpense. = 
finda remedy for this and reduce what was beginning to be 

an immense maintenance-of-way charge, many preservative processes 
were tried, but none seemed to do the work until vulcanizing the : 
timber was used. This process was first tried ten years ago, when = 
we put in two sections of 6-in. x 8-in. x 8-ft. ties; one section of 
_ vulcanized timber and the other section of untreated material. It 
was not a great while until decay began on the untreated ties, 
while- those _Fulcanized are still in service as good as when first 


(Signed) Brack, Roadmaster. 


‘The f follow ing ales extracts from a report which i is certified to by 


0 


Agreeable to Messrs. F. Holbein, F. M. 
=) ee and Daniel Meyers met Mr. R. Black, roadmaster of the Man- en 
vo hattan Railway, at his headquarters at South Ferry station, on May 
___ **Mr. Black, who has been with the road since 1869, called atten- Be 
_ tion to half a tie, not vulcanized, that had been in use five yout oie 
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r portion of the tie whee the rail had laid, and where iron bolts Mr. Wadde 
had been used, was very badly decayed, but the space between the a ae 
ails showed no signs of decay. Mr. Black stated that vulcanized 
wood was not in the least affected by contact with the rail or bolts or 
a metal surface, but that it seems proof against indentation by weer 
nd friction, or pounding ofthe rai = 
_ __ ** The party was then conducted over the line of the Third Avenue 
: Elev ated, in order to be shown a comparison between vulcanized and — 
— unv uleanized wood in actual use on the structure. The first stop was 


at Chatham Square Station, where special attention was called to the © 


ca condition of the natural yellow pine laid in 1886 on both City Hall and — 


‘South Ferry branches. It was very much decayed and some portions 
so soft that it could be pierced with the end of an umbrella. It was 
avery rainy day and the timber was thoroughly soaked. This timber, 
Mr. Black remarked, was being re replaced as ‘rapidly a8 s possible with 
“ Our second stop was at the Grand Street Station, where 
re ized ties and guard rails laid in 1883 were examined. This vulcanized 
timber was found in as sound condition as when first laid. Mr. Black | 
a called attention especially to guard rails which he had bolted together — 
in 1883, the inside rail vulcanized and the outside rail not vulcanized, _ 
a in order to have both subject to precisely the same conditions inevery | 
articular, and to afford opportunity for comparison in later years. _ 
i he vulcanized was as sound as when laid. The part not vulcanized — 
was in a decayed, punky condition. Attention was called to the vul- 
- eanized flooring on the station platform. He stated that they formerly q 
used tongued and grooved lumber, but now they used vulcanized slat- 
ting without tongue or groove, as it kept its place without warping or — 
* shrinking, although exposed to cold, rainand sun. 
“The next examination was at One Hundred and Sixteenth Street. rh. 8 
Ties not vulcanized, which were laid five years ago, were all being 
removed because of their condition, and were being replaced 
“Mr. Black stated that and one-half miles of creosoted 
x ties were now in use on the suburban branch and called attention to © 
the soft, spongy character of creosoted wood, that the iron plates sup-— 
_ porting the ties were deeply imbedded in the wood, and that it was 
z difficult to keep the spikes in place, especially on curves. Extra ap- 
_ pliances had been used to keep the rail in place. He also stated that 


during the hot season, when the temperature changed during the day ” Pe 
from 40° to 95° Fahrenheit, causing expansion of the rail, spikes near e ‘ 
the center of the rail would be lifted out of place from creosoted ties. ’ <a 
_ Healso stated that these ties were of yellow pine and the very best bs i 7 
2 quality of creosoting, but that their experience was such that no a “a 


_ ereosoted timber would be used, as vulcanized timber gave much better 
- satisfaction; besides it does not affect the hands and faces of the work 


4 The following is s a , copy of a letter directed to Colonel S. E. Haskin, 
under date of March 1st, 1889: 
_ “In replying to your enquiries as to the life of the cross-ties and — 
planking which has been treated by the vulcanizing process, which we 
placed on the structure six years ago this month, I have to say, timber 
 Issound and the surface of the ties and planking very hard. x aie San 
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There are no indications of decay 


ail 


is copy of a to the Haskin Wood Valeaniing, 
Company, under date of March 28th, 1891: 
Tn replying to your enquiry regarding my opinion upon your ~ 
process of vulcanizing for the purpose of preserving wood from decay af ; 
ete., and especially with reference to the yellow pine railroad ties, 
4 which were treate by your company’s process, and laid in the tracks 
R of the sw itchyard of this company in the spring of 1884, having been ot 
in constant use and exposed to the full action of the elements, and — 
_ subjected to extraordinary wear and tear, I have to say that, on a i 
_ 6th day of March, 1891, I had two of said ties taken up for the pur- 
pose of making an examination of their condition, and was much ~ 8 


a * prised to find them in a perfect state of preservation, and practically 


as good as new ties, so far as wear was concerned, the spikes having a" 
held firmly, as they were originally driven. _ 
«* During my experience in the railroad heninens of over forty years, — 
during which time I have used all kinds of timber in railroad work, — i 
4 and have tried the various kinds of treatment for the preservation of e 
| «SS from decay, Iam free to state that I have never found any 7 
method that has shown such a satisfac tory result; and I believe your _ 
_ process of vulcanizing will increase the durability of timber at least 50 
_ “The remaining ties, which were treated by your company’s pro- 
cess, are in the same place as they were first laid, and from present — 
_ indications they seem good for seven years’ more service. = 
a? conclusion, I would say that I think it would be to the interest. 2 
of any company using timber, which is nino to the elements, toat =| 


its effectivenes 


Mr. White ate also tothe same under date of April 


a Replying to your question as to the life of ales pine t ties, will ea 
say that, when used in the switchyard of this company, in ‘their | 
7 ¥ natural state, and exposed to the full action of the elements, they last, oa 
on an average, three years, during which time they have to be turned. a 
= ‘The ties treated by your company’s process of vulcanizing, and 


=e _ which were laid in the tracks of this yard in the spring of 1884, are 
i 4 perfectly sound, and have not been turned or respiked since they were 


“4 The following is the résumé of a report to Colonel Samuel E. Haskin, — 
under date o of 26th, 1894, by Mr. P. ‘Trautwein, 
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of course, were not numerous enough to de- 
termine exactly how much vulcanizing affects the wood, but they _ 
establish the general fact that so far from weakening the wood, the 
_ process of ‘ vulcanizing’ seems to strengthen it ; the modulus of rup-— 
ture by transverse stress being 21 per cent. higher. The crushing 


ae The author | has b been ii informed that the Hon. B. F. Tracy, ex- -Sec- 
retary of the with a view r of vulcanised wood i in n naval 


4 The following i isa copy of a report to Mr. A. a 
ger New York Wood Vuleanizing Company, by J. A. Deghuee, Ph. D., ny 
_ Chief Chemist of the Pure Food Department of New York City, ‘under — 


aes to the result of the various tests made of your vulcanizing __ 
OCESS 5 in order to condense it I will confine it to samples A and ro 
tie 3 X. This will show you all the practical conditions of the changes — 
brought about by your process. 
o _ The piece of wood A was just twice the size. originally of the ot? 
piece I returned to you. at The other half was cut up inte fine shavings _ 
b and the extractive matter dissolved out by cold ether, the contents 7 
being in bottle A. This piece of wood had been vulcanized by your 
“Block marked X, untreated yellow pine, was also cut up and the © 
; extractive matter dissolved out by cold ether, contents being in bottle ts 
4 marked X. This block was also twice the size originally of the piece on 
>. *The ve in bottle A resinous 
<= together with a number of bodies similar to those in tage tar 


chazacter of it, i. e., resend a rich, resinous more can ex- 
than from. a lean porous wood. You will extract as much 
from vuleanized wood as can be extracted from ‘he amount will 
_ ‘Rothing escaping in the process except water, and the amount will — 
wy with the original condition of the wood. I do not believe that 
the strength of the wood is impaired in the least by your treatment ; 

but on the contrary, the diffusion of the resins and other — 
matters throughout the wood, thereby -sdhering to the fiber, would 
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the igang works in New York, and, after an exhaustive investigation, { 
ported that vulcanizing increases the strength and durability of 
iy ber, and recommended that vulcanized yellow pine be used for a ae 
ing cing in one of the monitors. Their tests showed that vulcanizing 
eases the strength of yellow pine 18%, and decreases the deflec- 
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_ Mr. Waddell. sia a omen to solidify the contents and increase the strength. 

— _ However, this is a mechanical question which can be determined by — 


tests at Columbia College and Stevens Institute, where they have 


paratusfor making such tests. 
ss * Besides the changing of the extractive matters into an antiseptic, ee 
also coagulate the the albumen, w hich has a tendency to seal the 
a _ ** There is another benefit by your process which I think equally as ie 
important as the creating of an antiseptic and the coagulation of the 
_ albumen, and that is sterilizing the wood; and there isno doubtinmy _ 
=| - mind that from the amount of heat used, this is thoroughly done. In 
_ all wood there is living matter carried throughout it by the flow of sap; 
_ either living matter or spores which produce thesame. This hatching, — 
as you may term it, is brought about by heat and moisture and — 
. develops the spores into mould which eats the wood and produces — 
what is known as dry rot. Decay is due to living matter and inorder | 


a to produce decay ‘in your process, the living matter will have to enter — 


_ “By the creosoting process in some cases resin is mixed with an = 


a are accomplishing the same ‘result. _ process ioe produces ‘the 
‘same results to the very heart of the wood as are produced upon the 4" 
; surface. If the timber was of the quality of sample A, in my opinion 
-_- you would create from 190 to 200 Ibs. of antiseptic matter to a thou- s 
aa sand feet board measure. I arrive at this conclusion from your,state- — 
ment that the average weight of yellow pine, such as sample A, is 
— about 4000 Ibs. to a thousand feet board measure. The condition of a 
- wood in your treatment would not be changed by the separating or is 
« splitting of the timber, as the treatment goes throughout, eat 
_ The author regrets the necessity for occupying so much of his ey 
round with testimonials as to the merits of vulcanized timber; but, as — Ee 
. Mr. ‘Belknap has ask asked fc for such date and tests, he cannot well avoid 


giving them. 
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